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FOREWORD 


This  document  was  prepared  by  the  Northrop  Corporation,  Aircraft  Division, 
Hawthorne,  California  under  USAF  Contract  No.  F33615-69-C-1699,  "Supersonic 
Inlet  Investigation,"  Project  No.  1476  "Airframe  Propulsion  Compatibility  for 
Advanced  Tactical  and  Strategic  Aircraft."  The  report  covers  work  performed  from 
1  May  1969  to  1  May  1971. 

The  program  was  administered  by  the  Air  Force  Flight  Dynamics  Laboratory, 
Internal  Aerodynamics  Branch  under  the  technical  cognizance  of  Donald  J.  Stava, 
Project  Monitor. 

The  contract  effort  conducted  at  Northrop  Corporation,  Aircraft  Division  was 
under  the  direction  of  G.  R.  Hall,  Program  Manager,  and  T.  W.  Tsukahira,  Princi¬ 
pal  Investigator.  Major  contributions  to  this  program  were  made  by  Messrs.  N.  F. 
Amin,  B.  G.  Franco,  P.  M.  Parmar,  W.  F.  Wong,  and  M.  Yamada. 

Special  acknowledgement  is  given  to  F.  K.  Hube,  L.  M.  Jenke  of  the  Von 
Karman  Gas  Dynamics  Facility;  R.  W.  Butler  of  the  Propulsion  Wind  Tunnel;  and 
others  on  the  staff  of  ARO,  Inc.  and  AEDC,  Tullahoma,  Tennessee. 

The  final  report  prepared  under  the  contract  consists  of  three  volumes.  The 
title  of  each  volume  is  shown  below. 

Volume  I.  Supersonic  Inlet  Investigation  -  Summary  Report 

Volume  II.  Supersonic  Inlet  Investigation  -  Air  Induction  System  Dynamic 

Simulation  Model 

Volume  III.  Supersonic  Inlet  Investigation  -  Wind  Tunnel  Data  Report 
This  technical  report  has  been  reviewed  and  is  approved. 


Chief,  Flight  Mechanics  Division 
Air  Force  Flight  Dynamics  Laboratory 


ABSTRACT 


Presented  herein  are  wind  tunnel  data  from  an  investigation  whose  primary 
objective  was  to  develop  design  criteria  and  performance  tradeoffs  for  supersonic 
inlets  applicable  to  advanced  tactical  aircraft.  The  objective  was  accomplished  by 
conducting  analysis  and  wind  tunnel  tests  using  approximately  .125  scale  model  air 
induction  systems.  The  baseline  models  included  a  two-dimensional  external  com¬ 
pression  inlet,  a  half-axisymmetric  external  compression  inlet,  and  a  two-dimensional 
mixed  compression  inlet.  Alternate  configurations  for  the  external  compression  base¬ 
line  inlets  were  also  investigated.  Tests  were  conducted  at  transonic  and  supersonic 
Mach  numbers  in  the  AEDC  PWT-4T  and  VKF-A  wind  tunnels,  respectively.  The 
inlets  were  tested  both  isolated  and  in  a  well  defined  nonuniform  flow  field,  the  latter 
representing  partial  simulation  of  a  vehicle  flow  field.  Steady  state  performance  data 
(i.  e.,  pressure  recovery,  pressure  distortion,  and  turbulence  levels)  are  provided  at 
a  simulated  compressor  face  and  immediately  downstream  of  the  inlet  throat  for  the 
various  inlet  configurations  tested.  Additional  diagnostic  data  are  provided  in  the  way 
of  surface  pressures  and  boundary  layer  pressures  on  the  inlet  compression  surfaces 
and  in  the  subsonic  diffusers. 
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SYMBOLS  AND  ABBREVIATIONS 


The  symbols  and  abbreviations  listed  below  apply  to  Sections  I  through  III  of  this 
report.  It  is  noted  that  Section  IV  includes  additional/alternate  symbols  and  abbrevia¬ 
tions  which  are  defined  separately  within  Section  IV. 
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DIR 
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PTCF 
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RMSCF 

RMSR 

To 

TBR 
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WCF 

WO 

Z 

X 


Distance  from  AX  centerbody  tip  to  cowl  lip,  inches 

2DE  and  2DM  second  ramp  angle  relative  to  first  ramp,  degrees 


Compressor  face  station  distortion  index, 

(PT) 


(PT)  -  (PT)  . 

'  'max  '  'min 


PTCF 

-  (PT)  . 
max  v  'mm 


PTR 


Movable  rake  station  distortion  index, 

Subsonic  diffuser  length 

Free  stream  Mach  number 

Static  pressure,  PSIA 

Total  pressure,  PSIA 

Freestream  total  pressure,  PSIA 

Compressor  face  average  total  pressure,  PSIA 

Movable  rake  station  average  total  pressure,  PSIA 

Radial  distance/diffuser  radius,  at  AX  movable  rake  station 


Freestream  unit  Reynolds  number,  ft 


-1 


Root-mean-square  dynamic  pressure,  PSI 

Compressor  face  average  root-mean- square  dynamic  pressure,  PSI 
Movable  rake  station  average  root-mean-square  dynamic  pressure,  PSI 
Freestream  total  temperature,  °R 

Throat  bleed  control  area/maximum  throat  bleed  control  area 

Ramp  bleed  mass  flow,  lb/ sec 

Throat  bleed  mass  flow,  lb/ sec 

Inlet  capture  area  mass  flow,  ib/sec 

Compressor  face  mass  flow,  ib/sec 

Inlet  mass  flow,  lb/ sec 

2DE  and  2DM  movable  rake  location  measured  from  diffuser  ramp,  inches 
Model  station  measured  from  inlet  throat,  inches 
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Abbreviations 

2DE  Two-dimensional  external  compression  inlet 

AX  Half-axi symmetric  external  compression  inlet 

2DM  Two-dimensional  mixed  compression  inlet 
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SECTION  I 


INTRODUCTION 


As  a  part  of  Contract  F33615-69-C-1699,  "Supersonic  Inlet  Investigation,"  shall 
scale  inlet  models  were  tested  in  the  VKF-A  Supersonic  Wind  Tunnel  and  the  PWT-4T 
Transonic  Wind  Tunnel  at  the  Arnold  Engineering  Development  Center,  Arnold  Air 
Force  Station,  Tennessee.  These  tests  were  conducted  in  two  test  series,  the  first 
in  April -June  1970  and  the  second  in  October-November  1970.  A  description  of  the 
test  models,  information  relative  to  the  test  operation,  and  the  resultant  test  data  are 
presented  in  this  report. 

The  objective  of  the  test  program  was  to  obtain  air  induction  system  performance 
data  applicable  to  the  development  of  air  induction  systems  for  advanced  tactical  air¬ 
craft.  In  compliance  with  this  objective,  performance  data  were  obtained  for  various 
small-scale  air  induction  system  models  (approximately  .125  scale)  over  a  wide  range 
of  Mach  numbers  anu  angles  of  attack  in  both  uniform  and  nonuniform  approaching  flow 
field. 

The  baseline  models  investigated  included  a  two-dimensional  external  compres¬ 
sion  inlet  (2DE),  a  half-axisymmetric  external  compression  inlet  (AX),  and  a  two- 
dimensional  mixed  compression  inlet  (2DM).  The  design  Mach  number  for  the  external 
compression  inlets  was  Mq  =  2.5  and  the  design  Mach  number  for  the  mixed  compres¬ 
sion  inlet  was  Mq  =  3.0.  Alternate  configurations  for  the  external  compression  inlets 
were  also  investigated. 

The  inlets  were  tested  both  isolated  and  in  a  well  defined  nonuniform  flow  field, 
the  latter  representing  partial  simulation  of  a  vehicle  flow  field.  Additional  details  of 
these  tests  are  provided  below: 

1.  Induction  System  Tests  in  Uniform  Flow  Field  —  Isolated  inlet  models  were 
tested  both  transonically  and  supersonically.  Nominal  transonic  Mach 
numbers  were  0.6,  0.8  and  1.2,  with  angle  of  attack  variations  from  -5  to 
28  degrees.  Transonic  testing  was  limited  to  the  external  compression 
models. 
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Nominal  supersonic  Mach  numbers  were  1.5,  1.75,  2.0,  2. 25, and  2.5  for 
the  external  compression  models,  and  1.5,  2.25,  2. 5, and  3.0  for  the  mixed 
compression  model.  Angle  of  attack  variations  from  -5  to  20  degrees  were 
investigated  at  the  supersonic  Mach  numbers. 

Induction  System  Tests  in  Nonuniform  Flow  Field  —  Tests  were  conducted 
at  supersonic  Mach  numbers  with  the  inlet  models  in  the  expansion  fan 
generated  by  a  two-dimensional  shock -expansion  surface.  Tests  were 
limited  to  the  baseline  external  compression  models.  Nominal  Mach  numbers 
were  1.75,  2.0,  2.25  and  2.50,  with  angle  of  attack  variations  to  15  degrees. 
Flow  nonuniformities  up  to  20  percent  variation  in  Mach  number,  and  12 
degrees  in  flow  angularity,  were  imposed  across  the  projected  face  of  the 
inlets. 
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MODEL  INFORMATION 


Model  Description 

The  complete  inlet  test  models  consisted  of  a  supersonic  inlet  section,  subsonic 
diffuser  section,  flow  control  and  metering  section,  and  support  mechanism.  Auxiliary 
hardware  included  a  flow  field  generator  as  a  vehicle  to  test  the  inlet  models  in  a  non- 
uniform  flow  field. 

Figures  1,  2,  and  3  show  details  of  the  two-dimensional  external  compression 
inlet  model  (2DE),  half-axisymmetric  inlet  model  (AX),  and  two-dimensional  mixed 
compression  inlet  model  (2DM),  respectively.  Details  of  the  metering  section,  which 
were  common  to  each  of  the  inlet/diffuser  models,  are  shown  in  Figure  4.  Figure  5 
shows  the  subsonic  diffuser  area  distributions  for  each  of  the  baseline  inlet  models. 
Details  of  the  flow  field  generator  wedge  are  shown  in  Figure  6. 

All  of  the  inlet  models  were  equipped  for  remote  actuation  of  variable  compres¬ 
sion  surfaces,  inlet  throat  bleed  flow  and  inlet  mass  flow.  Each  inlet  model  was  also 
equipped  with  a  remotely  actuated  total  pressure  rake  located  just  downstream  of  the 
inlet  throat  section.  These  rakes  were  designed  to  survey  the  flow  in  the  inlet  throat 
region.  During  measurements  of  pressure  profiles  at  the  compressor  face,  the  up¬ 
stream  rakes  were  stowed  in  a  recess  in  the  duct  wall. 

The  model  support  mechanism  consisted  of  a  rectangular  sting  common  to  all  of 
the  inlet  models  and  two  separate  adapter  sections  designed,  respectively,  to  fit  the 
support  system  of  PWT-4T  and  VKF-A  tunnels.  The  adapter  section  for  each  tunnel 
was  designed  to  use  the  tunnel  pitch  mechanism  for  remote  changes  of  angle  of  attack. 

In  addition,  the  VKF  adapter  was  provided  with  an  initial  4-degree  pitch  offset  to 
extend  the  model  angle  of  attack  range  in  the  VKF  tunnel  to  plus  20  degrees.  Since 
neither  of  the  tunnels  had  provisions  for  remote  variation  of  sideslip  angle,  each  adapter 
section  was  designed  to  allow  the  model  to  be  rigged  at  sideslip  angles  of  0  and  4  degrees. 
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Two-Dimensional  External  Compression  Inlet  (2DE).  Figure  1  shows  details  of 
the  baseline  2DE  inlet  model  and  associated  alternate  configurations.  The  model  is 
shown  installed  in  the  VKF-A  tunnel  in  Figures  la  and  lb.  The  photographs  were  taken 
with  the  model  in  the  airlock  (which  is  part  of  the  VKF-A  automatic  model  injection 
system)  beneath  the  tunnel. 

Details  of  the  2DE  baseline  configuration  (design  Mq  =  2.  5)  are  shown  in  Figure 
lc.  The  first  compression  ramp  angle  was  fixed  at  10  degrees.  The  position  of  the 
second  ramp,  remotely  variable  from  -4  to  18  degrees  (relative  to  the  first  ramp), 
was  scheduled  as  a  function  of  Mach  number.  The  third  ramp,  which  formed  a  part 
of  the  subsonic  diffuser,  was  directly  coupled  to  the  motion  of  the  second  ramp. 

A  throat  bleed  slot  was  located  between  the  second  and  third  ramps,  the  width  of 
the  slot  varying  with  ramp  angle  setting.  The  throat  bleed  flow  could  be  regulated 
remotely  and  independently  of  slot  width  by  adjustment  of  the  bleed  port  area  which 
w'as  vented  to  the  tunnel  airstream.  Boundary  layer  bleeds  were  provided  on  the 
second  ramp  and  on  an  alternate  side  plate  configuration  by  a  series  of  0.0625  inch 
diameter  holes.  The  ramp  bleed  was  metered  by  fixed  area  orifices  located  between 
the  bleed  chamber  and  the  tunnel  airstream.  Sideplate  bleeds  were  vented  directly  to 
the  tunnel  airstream. 

The  model  was  equipped  with  a  remotely  driven  total  pressure  rake  downstream 
of  the  throat.  This  rake,  consisting  of  five  steady  state  total  pressure  probes  and  two 
Kulite  dynamic  pressure  transducers,  was  designed  to  survey  the  flow  near  the  inlet 
throat.  During  measurements  of  pressure  profiles  at  the  compressor  face,  the  up¬ 
stream  rake  was  stowed  in  a  recess  in  the  duct  sidewall. 

Several  alternate  cowls  were  provided  to  determine  the  effects  of  leading  edge 
contour  and  cowl  angle.  These  cowl  configurations,  along  with  the  baseline  cowl,  are 
identified  in  Figure  Id.  Cowl  C5  was  the  baseline  cowl.  Cowl  C7  was  a  blunted  cowl 
and  cowl  C8,  while  maintaining  the  same  lip  contour  as  cowl  C5,  was  reduced  in  angle 
from  20  degrees  to  12  degrees.  Cowl  CIO  represented  the  variable  cowl  inlet  design 
of  the  baseline  inlet  which  could  be  drooped  for  low  speed  high  mass  flow  operation. 
This  configuration  was  tested  only  in  the  transonic  Mach  number  range. 

As  alternate  configurations,  two  sets  of  vortex  generators  were  provided  to 
improve  the  performance  characteristics  of  the  subsonic  diffuser.  Details  of  these 
vortex  generators  are  shown  in  Figure  le. 


Half-Axisymmetric  External  Compression  Inlet  (AX).  Figure  2  shows  details  of 
the  baseline  AX  inlet  model  and  associated  alternate  configurations.  The  AX  baseline 
configuration  (design  Mq  =  2.5)  was  a  half-axisymmetric  inlet  with  a  translating 
centerbody.  The  model  with  the  splitter  plate  centerbody  configuration  is  shown 
installed  in  the  VKF-A  tunnel  in  Figure  2a. 

Details  of  the  AX  baseline  configuration  are  shown  in  Figure  2b.  The  translating 
centerbody  was  a  double  cone  configuration  with  an  18  degree  half-angle  on  the  initial 
compression  surface  and  a  30  degree  half-angle  on  the  second  compression  surface. 

A  fixed  bleed  slot,  extending  over  the  circumference  of  the  centerbody,  was  located 
at  the  inlet  throat.  The  throat  bleed  flow  could  be  regulated  remotely  by  adjustment 
of  the  bleed  port  area,  which  was  vented  to  the  tunnel  airstream. 

The  model  was  equipped  with  a  remotely  driven  total  pressure  rake  downstream 
of  the  throat  in  the  annular  diffuser  section.  This  rake,  consisting  of  five  steady  state 
total  pressure  probes  and  two  Kulite  dynamic  pressure  transducers,  was  designed  to 
survey  the  flow  by  circumferential  rotation  about  the  centerbody.  During  measure¬ 
ments  of  pressure  profiles  at  the  compressor  face,  the  upstream  rake  was  stowed  in 
a  recess  in  the  duct  sidewall. 

Details  of  an  alternate  half-axisymmetric  inlet  design,  designated  AX7,  are  also 
shown  in  Figure  2b.  This  model  was  designed  for  Mach  2.2  and  featured  a  single 
fixed  cone  centerbody  with  a  25  degree  half-angle  compression  surface  and  a  14-degree 
cowl  angle. 

Both  the  double  cone  baseline  model  and  single  cone  alternate  model  were  tested 
with  a  full  360  degree  centerbody  as  the  baseline  centerbody.  The  half  cone  centerbody 
configurations,  with  and  without  splitter  plates,  were  tested  as  alternate  configurations. 
Details  of  the  various  centerbodies  are  shown  in  Figure  2c  for  the  double  cone 
configuration. 

-t.iternate  cowls  were  provided  for  the  double  cone  baseline  model  to  determine 
the  effects  of  leading  edge  contour  and  cowl  angle.  These  cowl  configurations,  along 
with  the  baseline  cowl,  are  identified  in  Figure  2d.  Cowl  Cl  (the  baseline  cowl)  had  a 
constant  lip  bluntness  around  the  circumference.  Cowl  C2  was  similar  to  Cowl  Cl, 
except  for  increased  lip  bluntness.  Cowl  C3  was  designed  with  variable  lip  bluntness, 
with  bluntness  increasing  around  the  circumference  from  top  to  bottom.  The  increased 
bluntaess  at  the  bottom  was  provided  to  minimize  internal  flow  separation  tendencies 
at  angle  of  attack.  Cowl  C4,  while  maintaining  the  same  lip  contour  as  Cl,  was 
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reduced  in  angle  from  20  degrees  to  14  degrees.  Cowl  C4,  in  addition  to  serving  as 
an  alternate  cowl  for  the  double  cone  baseline  model,  served  as  the  baseline  cowl  for 
the  single  cone  compression  surface  model. 

Two-Dimensional  Mixed-Compression  Inlet  (2DM).  Figure  3  shows  details  of 
the  baseline  2DM  inlet  model.  For  this  model,  no  alternate  configurations  were  pro¬ 
vided.  Model  variations  were  limited  to  investigation  of  alternate  second  ramp 
schedules  and  variation  in  throat  bleed  flow. 

The  2DM  model  utilized  many  components  in  common  with  the  2DE  inlet  model. 
Changeover  from  the  2DE  model  to  the  2DM  model  was  accomplished  by  replacement 
of  the  two  forward  compression  ramps  (including  the  second  ramp  bleed  system)  and 
the  forward  cowl  section,  resulting  in  a  configuration  with  partial  internal  compres¬ 
sion.  The  2DM  model  (design  Mq  =  3.0)  was  designed  for  mixed  compression  opera¬ 
tion  down  to  M  =  2.2. 
o 

The  2DM  model  was  designed  with  two  external  compression  ramps  and  one  in¬ 
ternal  compression  ramp  (Figure  3b).  The  first  compression  ramp  was  fixed  at  10 
degrees,  with  the  second  ramp  remotely  variable  from  0  to  12  degrees  (with  respect 
to  the  first  ramp)  and  scheduled  with  Mach  number.  The  third  compression  surface 
(internal  compression)  was  a  internal  surface  of  the  cowl,  fixed  at  7  degrees  with 
respect  to  the  inlet  horizontal  reference  plane.  The  inlet  had  boundary  layer  bleed 
from  the  second  ramp,  sideplates  and  cowl  surfaces.  A  throat  bleed  slot,  similar  to 
that  of  the  2DE  inlet,  was  located  at  the  junction  of  the  second  compression  ramp  and 
diffuser  ramp.  All  other  model  components  were  identical  to  the  2DE  inlet  model. 

Metering  Section.  The  metering  section  (Figure  4),  common  to  each  of  the  inlet 
diffuser  models  of  Figures  1,  2,  and  3,  consisted  of  a  simulated  compressor  face  with 
instrumentation  and  a  flow  control  and  flow  metering  section.  The  simulated  compres¬ 
sor  face  included  a  centerbody  total  pressure  probe  and  six  total  pressure  rakes,  each 
rake  containing  five  steady  state  pressure  probes  and  one  Kulite  dynamic  pressure 
transducer  concentric  to  the  middle  steady  state  pressure  probe  between  the  centerbody 
and  the  duct  wall.  In  addition,  two  steady  state  and  two  dynamic  static  pressure  taps 
were  located  on  the  duct  wall  in  the  plane  of  the  total  pressure  probes.  A  honeycomb 
section  was  located  downstream  of  the  simulated  compressor  face  to  represent  acoustic 
blockage  of  the  engine. 
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The  inlet  mass  flow  rate  was  controlled  by  a  translating  plug  which  formed  an 

annular  converging -diverging  area  designed  for  flow  choking  at  low  pressure  ratios. 

The  plug,  which  was  designed  to  slide  on  a  fixed  shaft  and  positioned  by  a  linear  DC 

actuator,  could  be  translated  to  vary  and  flow  control  area  from  approximately  4  to 
2 

14  in  .  A  precision  linear  potentiometer  was  mounted  on  the  plug  actuator  to  indicate 
the  plug  position. 

The  flow  rate  through  the  metering  section  was  determined  from  pretest  calibra¬ 
tions  (to  be  discussed  later).  These  calibrations  provided  flow  rate  as  a  function  of 
plug  position  and  static  pressure  measured  upstream  of  the  plug.  Although  the  meter¬ 
ing  section  was  calibrated  for  both  choked  and  unchoked  flow,  the  control  area  operated 
choked  for  practically  all  test  conditions  due  to  the  convergent -divergent  annular  flow 
area. 


Subsonic  Diffuser.  The  subsonic  diffuser  area  distributions  for  the  baseline  2DE, 
AX  and  2DM  inlet  models  at  the  design  Mach  number  are  shown  in  Figure  5.  The  dif¬ 
fusers  were  designed  to  approximately  maintain  the  scaled  area  and  length  relationships 
of  the  full  scale  diffusers,  but  did  not  include  the  offset  contours  required  for  integra¬ 
tion  into  the  full  scale  aircraft.  Minor  deviations  in  the  scaled  area  and  length  relation¬ 
ships  were  required  to  maintain  a  degree  of  commonality  of  model  components  between 
the  baseline  inlet  models . 

The  overall  diffuser  area  ratio  for  the  2DE  and  AX  inlet  models  was  the  same 
as  a  result  of  the  common  design  Mach  number  of  2.5.  However,  the  area  distribu¬ 
tions  for  these  two  inlet  models  are  significantly  different  due  to  provision  for  the 
variable  geometry  requirements  of  the  supersonic  portion  of  the  inlet.  The  diffuser 
of  the  2DE  inlet  has  a  variable  ramp  with  a  pivot  point  at  about  half  the  length  of  the 
diffuser.  This  configuration  results  in  a  gradually  increasing  area  distribution.  On 
the  other  hand,  the  translating  centerbody  configuration  of  the  AX  inlet  requires  a 
relatively  large  increase  in  cowl  area  over  a  short  linear  distance  to  maintain  the 
required  inlet  throat  area  as  the  centerbody  is  translated  aft  to  the  larger  throat  area 
positions.  As  a  result,  a  rapid  increase  in  diffuser  area  occurs  when  the  centerbody 
is  in  the  design  Mach  number  position. 

The  2DM  inlet  model  utilized  the  same  diffuser  hardware  as  the  2DE  inlet  model. 
As  a  result,  the  area  distribution  is  qualitatively  like  that  of  the  2DE,  but  with  a  higher 
overall  area  ratio  due  to  the  increase  in  design  Mach  number  to  3.0. 
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All  the  diffusers  were  the  same  length.  This  length,  in  terms  of  compressor 
face  diameters,  was  6.5. 

Flow  Field  Generator  Wedge.  A  flow  field  generator,  designed  to  generate  an 
approximately  linear  two-dimensional  flow  field  gradient,  was  used  as  a  vehicle  to 
test  the  inlet  models  in  a  nonuniform  flow  field.  Figure  6  shows  details  of  the  flow 
field  wedge.  The  wedge  is  shown  installed  in  the  VKF-A  tunnel  with  the  flow  field  cali¬ 
bration  rake  in  Figure  6a. 

The  geometry  of  the  wedge  is  shown  in  Figure  6b.  The  wedge  consisted  of  an 
8  degree  compression  surface  at  the  leading  edge,  followed  by  a  centered  expansion 
Prandtl -Meyer  contour  (Mq  =  2.0  design),  and  finally,  a  -8  degree  straight  trailing 
edge  surface.  The  chord  of  the  wedge  was  approximately  24  inches. 

The  wedge  spanned  the  Ml  width  of  the  tunnel  and  was  supported  at  the  ends  by 
a  structure  recessed  into  a  steel  window  blank,  the  window  blank  forming  a  portion  of 
the  tunnel  side  wall.  Vertical  positioning  of  the  wedge  (up  to  14  inches  above  the  tunnel 
centerline)  with  respect  to  the  inlet  models  was  achieved  by  adjustment  of  lead  screws 
(which  restrain  the  wedge  in  the  vertical  plane)  mounted  in  the  window  blanks  at  each 
end  of  the  wedge.  The  wedge  assembly  was  fixed  in  the  horizontal  plane.  Horizontal 
positioning  of  the  wedge  with  respect  to  the  inlet  models  (up  to  43  inches  separation 
between  the  leading  edge  of  the  wedge  and  the  leading  edge  of  the  inlet  models)  was 
achieved  by  fore-aft  translation  of  the  inlet  models.  Thus,  by  vertical  adjustment  of 
the  wedge,  along  with  horizontal  translation  of  the  model,  preselected  coordinates  of 
the  wedge  with  respect  to  the  model  to  obtain  given  values  of  flow  field  nonuniformity 
were  achieved. 

Instrumentation 

Each  of  the  inlet  models  was  instrumented  for  both  steady  state  and  fluctuating 
pressure  measurements.  This  instrumentation  included  the  various  total  pressure 
rakes  shown  in  Figures  1  through  4,  in  addition  to  static  pressure  measurements  made 
at  various  locations  throughout  the  models.  Additional  pitot  rakes  were  used  to  mea¬ 
sure  the  nonuniform  flow  field  generated  by  the  flow  field  wedge. 

The  steady  state  and  dynamic  pressure  instrumentation  for  the  2DE,  AX  and 
2DM  inlet  models  and  compressor  face-metering  section  is  depicted  in  Figures  7,  8, 
and  9.  Each  steady  state  pressure  orifice  and  dynamic  pressure  transducer  is  located 
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and  numbered  in  these  drawings.  Tables  II  through  VI  supplement  Figures  7  through  9 
in  providing  additional  instrumentation  detail.  The  steady  state  pressures  for  the  2DE, 
AX,  and  2DM  models  are  identified  in  Tables  II,  HI,  and  IV,  respectively.  The  com¬ 
pressor  face  and  metering  section  steady  state  pressures  are  identified  in  Table  V, 
and  the  dynamic  pressure  instrumentation  is  identified  in  Table  VI. 

Steady  State  Pressures.  Steady  state  pressure  instrumentation  for  the  inlet 
models  included  compression  surface  pressures,  diffuser  wall  pressures,  internal 
and  external  cowl  pressures,  translating  rake  pitot  pressures,  boundary  layer  rake 
pressures,  compressor  face  pitot  and  static  pressures,  flow  rate  metering  pressures, 
and  throat  and  ramp  bleed  plenum  pressures. 

The  compression  surface  pressures,  diffuser  wall  pressures  and  internal  and 
external  cowl  pressures  were  measured  with  flush  static  orifices  mounted  in  line 
along  the  inlet  vertical  center  plane  for  the  2DE  and  2DM  inlets  (Figures  7  and  9),  and 
in  line  along  the  inlet  horizontal  center  plane  for  the  AX  inlet  (Figure  8). 

Details  of  the  compressor  face  instrumentation  are  shown  in  Figure  10.  The 
six  rakes  were  spaced  60  degrees  apart,  with  each  probe  positioned  to  measure  the 
total  pressure  at  the  centroid  of  equal  areas.  Note  that  the  middle  probe  of  each  rake 
is  a  dynamic  pitot. 

Static  pressure  orifices  134,  135,  136,  and  137  (Figure  7),  located  90  degrees 
apart  in  the  flow  metering  section  upstream  of  the  mass  flow  plug,  were  calibrated  as 
a  function  of  the  mass  flow  plug  position  to  determine  the  inlet  mass  flow.  The  metering 
section  was  calibrated  for  both  choked  and  unchoked  flow.  Pressure  orifices  139,  140, 
and  143  were  monitored  to  determine  whether  or  not  the  metering  section  was  choked. 

Mass  flow  through  the  throat  bleed  system  was  determined  with  pressure  mea¬ 
surements  from  orifice  200  located  in  the  bleed  plenum  chamber  of  all  the  models. 

This  pressure  was  calibrated  as  a  function  of  throat  bleed  exit  area  in  pretest  calibra¬ 
tions.  Likewise,  mass  flow  through  the  ramp  bleed  system  (2DE  and  2DM  inlets)  was 
determined  with  pressure  measurements  from  orifice  201. 

Details  of  the  total  pressure  rakes  used  in  each  of  the  models  are  shown  in 
Figure  11.  The  individual  probes  of  the  movable  rakes  used  in  each  of  the  models 
were  located  such  that  the  rakes  could  be  programmed  to  measure  the  total  pressures 
at  the  centroid  of  equal  areas  as  the  rake  was  moved  to  survey  the  diffuser  duct.  That 
is,  for  the  2DE  and  2DM  inlets,  the  outside  probes  were  located  1/10  of  the  duct  width 
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or  0. 275  inches  from  the  diffuser  side  walls  and  the  distance  between  probes  was 
0.55  inches.  The  AX  movable  rake  probes,  because  of  the  three-dimensional  effect, 
are  closer  together  as  the  radial  position  is  increased. 

Steady  state  pressures  (excluding  the  movable  rakes)  were  measured  in  the 
VKF-A  tunnel  with  25-psid  strain  gage  transducers  mounted  in  three  48-port  Scanivalves. 
The  transducer-valve  units  were  mounted  outside  the  wind  tunnel  and  connected  to  the 
model  with  0.040  inch  ID  steel  tubes.  Pitot  pressure  measurements  from  the  movable 
rakes  were  obtained  with  15-psid  transducers. 

In  the  PWT-4T  tunnel,  all  steady  state  pressures  were  measured  with  individual 
15-psid  transducers. 

Dynamic  Pressure  Measurements .  Locations  of  the  dynamic  pressure  sensors 
are  shown  in  Figures  7  through  11  along  with  the  steady  state  instrumentation.  This 
instrumentation  consisted  of  six  (6)  total  head  dynamic  probes  and  two  (2)  surface 
mounted  static  dynamic  probes  at  the  simulated  compressor  face  station,  one  (1)  total 
head  probe  at  the  compressor  bullet  nose,  and  two  (2)  total  head  dynamic  probes  and 
one  (1)  surface  mounted  static  dynamic  probe  at  the  movable  rake  station  within  the 
diffuser. 

Additional  dynamic  instrumentation  included  two  reference  sensors  to  measure 
the  tunnel  and  instrumentation  noise  floor.  A  dynamic  transducer  was  buried  in  the 
compressor  face  bullet  nose  section  to  measure  the  transducer  response  to  mechanical 
vibrations  as  well  as  the  electrical  noise  floor  of  the  data  acquisition  system.  A 
second  dynamic  transducer  was  mounted  in  the  tunnel  freestream  to  measure  the 
tunnel  noise  floor.  The  higher  of  the  two  readings  was  considered  as  the  noise  floor 
of  the  inlet  dynamic  data. 

All  fluctuating  pressure  measurements  were  obtained  with  0. 08  inch  diameter 
Kulite  semiconductor  transducers.  Figure  12  shows  the  transducer  installation  for 
the  model  total  pressure  measurements .  The  transducers  were  mounted  in  pitot  tubes 
with  a  slotted  plate  placed  in  front  of  the  transducer  face  to  protect  it  from  particles. 

The  corresponding  local  steady  state  total  pressures  were  measured  through  a  tube 
concentric  to  the  transducer. 

The  transducer  installation  for  measuring  the  freestream  noise  level  was  similar 
to  that  used  to  measure  fluctuations  in  total  pressure  within  the  models  (i.e. ,  Figure 
12),  except  that  a  cylindrical  sleeve  was  added  to  the  freestream  probe  to  increase  its 
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frontal  area,  thus  insuring  a  clean,  normal  shock  in  front  of  the  sensing  area.  The 
final  outer  diameter  of  the  resulting  freestream  probe  was  0.25  inch  compared  to  an 
outer  diameter  of  0. 125  inch  for  the  compressor  face  probes. 

Transducers  for  measurement  of  static  pressures  were  mounted  with  the 
diaphragm  flush  to  the  diffuser  duct  surface  without  a  protective  plate.  The  corre¬ 
sponding  steady  state  pressure  was  obtained  from  an  adjacent  orifice. 

The  output  from  the  dynamic  transducers  was  recorded  on  magnetic  tape 
through  a  14-channel  frequency-modulated  tape  system.  The  root-mean-square  (RMS) 
pressure  level  was  measured  at  the  same  time  and  recorded  with  the  steady  state 
pressure  data. 

Flow  Field  Wedge.  Auxiliary  instrumentation  associated  with  generation  of  the 
nonuniform  flow  field  is  shown  in  Figure  13.  Figure  13a  shows  the  flow  field  calibration 
rake.  This  rake  was  attached  to  the  trailing  edge  of  the  wedge  during  flow  field 
calibration  tests  performed  prior  to  tests  with  inlet  models  in  the  wedge  flow  field. 

Since  the  flow  field  generated  by  the  wedge  is  readily  predictable,  only  one  survey 
location  was  used.  This  survey  was  made  to  serve  as  a  check  of  the  analytically  pre¬ 
dicted  flow  fields  by  providing  measured  data  on  the  distribution  of  Mach  number  across 
the  expansion  fans  and  data  on  the  uniformity  of  the  flow  across  the  span  of  the  wedge 
in  the  region  of  the  inlet  models. 

The  probes  of  the  flow  field  calibration  rakes  are  designed  to  measure  total 
pressure  (behind  the  locally  normal  shock  immediately  ahead  of  the  probe  tips).  The 
relation  of  the  probe  O.D.  (.125  inch)  to  I.D.  (.069  inch)  was  such  as  to  assure  a 
normal  shock  upstream  of  the  probe  orifice  for  flow  angles  with  respect  to  the  probes 
within  the  range  anticipated.  Based  on  the  measured  freestream  total  pressure  ahead 
of  the  wedge,  the  total  pressure  loss  of  the  flow  in  passing  through  the  wedge  leading 
edge  shock,  and  the  measured  total  pressure  by  the  flow  field  calibration  rake  probes, 
the  local  Mach  number  of  the  flow  approaching  the  probes  was  readily  obtained. 

In  addition  to  the  flow  field  calibration  rake,  the  wedge  compression  surface  was 
instrumented  with  five  static  pressures  as  indicated  in  Figure  13a.  These  static 
pressures  provided  a  check  of  the  wedge  alignment  as  well  as  the  effect  of  any  boundary 
layer  buildup  along  the  wedge  which  might  change  the  effective  angle  of  the  wedge  by 
displacing  the  external  flow  by  the  boundary  layer  displacement  thickness  (tills  effect 
was  anticipated  to  be  of  the  order  of  0. 1  degree).  These  static  pressures  were 
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monitored  during  the  tests  to  assure  proper  alignment  of  the  wedge  throughout  the  test 
program. 

Flow  field  rakes  for  the  2DE  and  AX  inlet  models  are  shown  in  Figures  12b  and 
13c,  respectively.  These  rakes  are  shown  attached  to  the  inlet  models  with  the  probe 
tips  aligned  with  the  forward  tip  of  the  inlet  compression  surfaces,  and  with  the  rakes 
displaced  7.5  inches  from  the  inlet  centerlines.  As  such,  they  are  designed  to  mea¬ 
sure  the  flow  field  nonuniformity  across  the  projected  inlet  face  reference  plane.  The 
probe  design  and  data  evaluation  techniques  were  similar  to  those  for  the  flow  field 
calibration  rake  discussed  above.  Note  that  the  rake  for  the  two-dimensional  inlet 
has  probes  located  along  the  spanwise  direction  as  well  as  across  the  vertical  reference 
plane. 

Calibrations 

Pretest  calibrations  of  the  model  metering  section,  throat  bleed  systems,  ramp 
bleed  systems,  and  remotely  actuated  components  v/ere  performed  at  Northrop 
Aerosciences  Laboratory  prior  to  shipment  of  the  models  to  the  AEDC  Wind  Tunnels. 

In  addition,  inlet  model  static  tests  were  performed  with  each  of  the  three  baseline 
inlets  to  determine  static  performance  of  the  models,  provide  pretest  checkout  of 
instrumentation,  and  determine  the  effects  of  compressor  face  pressure  distortion, 
if  any,  on  the  metering  section  calibration.  Dynamic  pressure  instrumentation  was 
calibrated  at  both  the  VKF-A  and  PWT-4T  wind  tunnel  facilities  prior  to  and  after  testing. 

Metering  Section.  With  the  entrance  to  the  metering  section  (Figure  4)  ;~tted 
with  a  bellmouth  inlet  and  the  exit  connected  to  a  suction  system,  the  flow  rate  through 
the  metering  section  was  measured  with  a  standard  ASME  orifice.  Flow  rate  calibrations 
were  performed  with  the  bellmouth  inlet  exposed  both  to  ambient  pressure  and  to  a 
30  psia  high  pressure  air  source. 

Measurements  of  compressor  face  pressures,  metering  section  reference 
pressures,  and  flow  rate  were  made  over  a  range  of  pressure  ratios  across  the 
metering  section  for  various  settings  of  the  mass  flow  plug.  The  range  of  pressure 
ratios  tested  provided  calibration  at  both  choked  and  unchoked  conditions  (note  that  as 
a  result  of  the  converging-diverging  area  design  of  the  mass  flow  plug,  flow  choking 
was  achieved  at  pressure  ratios  across  the  metering  section  of  loss  than  1.2). 

Static  testing  with  the  inlet  models  coupled  to  the  metering  section  provided 
calibration  data  on  the  effect  of  compressor  face  pressure  distortion  on  the  basic 
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metering  section  calibration.  Based  on  these  pretest  calibrations,  flow  metering 
accuracy  was  determined  to  be  ±2  percent,  including  the  effects  of  compressor  face 
pressure  distortion. 

Throat  and  Ramp  Bleed  Systems .  Suction  lines ,  containing  flow  metering  in¬ 
strumentation,  were  connected  to  the  throat  bleed  outlets  to  calibrate  the  bleed  flows 
as  a  function  of  bleed  port  area  and  pressure  ratio  across  the  bleed  port  area.  Similar 
calibrations  were  made  for  the  fixed  area  ramp  bleed  outlets. 

Remotely  Actuated  Components.  Voltage  versus  position  calim ations  were 
performed  for  each  of  the  model  position  indicator  potentiometers.  Potentiometer 
range  and  limit  switch  location  were  checked,  and  adjusted  as  required,  as  a  part  of 
these  calibrations.  Included  in  these  calibrations  were:  (1)  compression  ramp  (cone) 
actuation  system;  (2)  throat  bleed  port  area;  (3)  translating  throat  rake;  and  (4)  mass 
flow  control  plug. 

Inlet  Model  Static  Tests.  Inlet  model  static  tests  were  performed  with  each  of 
the  three  baseline  inlets  to  determine  their  static  performance,  provide  pretest  checkout 
of  instrumentation,  and  determine  the  effects  of  compressor  face  pressure  distortion, 
if  any,  on  the  metering  section  calibration.  For  these  tests,  the  inlets  were  coupled 
to  the  metering  section,  with  the  exit  of  the  metering  section  connected  to  a  suction 
system.  All  internal  steady  state  pressures  were  recorded  during  these  tests  to  deter¬ 
mine  the  diffuser  pressure  distribution  and  compressor  face  total  pressure  recovery 
and  pressure  distortion. 

Tests  were  conducted  both  with  and  without  a  bellmouth  entry  to  the  inlets,  the 
data  with  the  bellmouth  providing  information  on  the  performance  of  the  subsonic 
diffuser  and  the  data  without  the  bellmouth  providing  information  on  the  overall  inlet 
performance  at  static  conditions. 

Dynamic  Pressure  Probes.  The  dynamic  pressure  instrumentation  was  calibrated 
for  frequency  response  at  both  the  VKF-A  and  PWT-4T  wind  tunnel  facilities.  Both 
calibration  setups  were  similar  in  that  the  Kulite  pressure  probe  assembly  was  ex¬ 
posed  to  discrete  frequency  sound  waves  of  140  db  (reference  .  0002  microbar)  ampli¬ 
tude.  Each  probe  used  in  the  test  was  calibrated  over  the  frequency  range  20-5000  Hz 
prior  to  installation  in  the  model.  All  the  dynamic  probes  used  in  the  test  showed 
less  than  a  ±2  db  variation  over  the  calibrated  frequency  range. 
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Freestream  noise  levels  were  measured  at  M  =1.5,  2.0,  2.25,  2.5,  and  3.0 

o 

in  the  VKF-A  tunnel.  The  data  were  recorded  with  the  model  out  of  the  stream  since 
the  sidewall  mounted  probe  was  located  in  an  area  aft  of  the  model  shock  system  with 
the  model  injected  into  the  stream.  The  freestream  RMS  turbulence  level  normalized 
to  the  tunnel  stagnation  pressure  is  presented  below  for  five  Mach  numbers. 


TABLE  I.  VKF-A  TUNNEL  TURBULENCE 


M 

0 

Re  x  10  ^ 

0 

RMS/PTO  x  102 

1.5 

5.8 

0.46 

2.0 

5.8 

0.08 

2.25 

5.2 

0.14 

2.50 

5.8 

0.12 

3.0 

4.4 

0.10 

Due  to  mechanical  problems  with  the  probe  designed  for  measuring  the  free¬ 
stream  turbulence  in  the  PWT-4T  tunnel,  it  was  not  possible  to  record  this  data 
directly.  However,  analysis  of  the  turbulence  data  measured  by  the  transducer  buried 
in  the  model  bullet  nose,  and  an  inspection  of  the  trends  of  the  turbulence  data  measured 
by  all  transducers,  indicated  the  tunnel  freestream  noise  level  to  be  well  below  one 
percent  of  the  tunnel  total  pressure. 
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TABLE  n.  :>DE  INLET  -  STEADY  STATE  PRESSURE  INSTRUMENTATION 


Pressure 

Orifice 

Number 

Model 

Station 

1 

63.0 

2 

66.2 

3 

68.5 

4 

70.0 

5 

70.4 

6 

70.8 

7 

71.2 

8 

71.5 

9 

72.0 

20 

70.6 

21 

71.0 

22 

71.6 

23 

72.1 

24 

72.6 

25 

73.1 

26 

74.1 

27 

76.0 

28 

78.8 

29 

83.6 

40 

72.6 

41 

73.1 

42 

73.6 

43 

74.1 

44 

77.0 

45 

79.8 

46 

84.6 

47 

92.6 

48 

98.0 

50 

80.0 

51 

52 

53 

54 

60 

71.0 

61 

71.2 

62 

71.4 

63 

71.7 

64 

72.3 

65 

72.8 

66 

74.3 

Description 


1st  ramp  surface  pressure 
2nd  ramp  surface  pressure 


Diffuser  lower  wall  pressure 


Diffuser  upper  wall  pressure 


Translating  rake, 

(measured  from  left,  looking  aft) 


.28  in 
.83  in 
1.38  in 
1.93  in 
2.48  in 


Lip  external  surface  pressure 


TABLE  II.  Concluded 


Pressure 

Orifice 

Number 

Model 

Station 

Description 

P 

static 

Ptotal 

70 

68 

.5 

Fwd.  B.L. 

rake,  second  ramp  .02  in 

> 

71 

(measured 

from  ramp)  .05  in 

72 

.  10  in 

73 

.15  in 

74 

.25  in 

75 

.40  in 

? 

80 

71 

.5 

Aft  BL  rake,  second  ramp  .02  in. 

) 

C 

81 

(measured 

from  ramp)  .05  in 

82 

.10  in. 

83 

.15  in. 

84 

(  .25  in. 

85 

.40  in. 

90 

85 

.0 

BL  rake,  diffuser  .05  in. 

X 

91 

(measured 

from  ramp)  .15  in. 

92 

.30  in. 

93 

.45  in. 

94 

.65  in. 

95 

f  1.00  in. 

200 

74 

.0 

Throat  bleed  plenum  pressure 

< 

201 

70 

.0 

Ramp  bleed  plenum  pressure 

< 
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TABLE  III.  AX  INLET  -  STEADY  STATE  PRESSURE  INSTRUMENTATION 


Pressure 

Orifice 

Number 

Model 

Station 

Description 

p 

static 

p 

total 

1 

68. 

2 

1st  cone  surface  pressure 

X 

2 

69. 

4 

3 

70. 

4 

2nd  cone  surface  pressure 

4 

70. 

7 

5 

71. 

1 

6 

71 

4 

7 

71. 

8 

8 

72 

.0 

20 

71 

.7 

Diffuser  outboard  wall  pressure 

X 

21 

72 

.2 

22 

72 

.7 

23 

73 

.2 

24 

73 

.7 

25 

74 

.8 

26 

75 

.4 

27 

76 

.6 

28 

78 

.1 

29 

80 

.4 

30 

85 

.7 

31 

92 

.8 

f 

32 

71 

.7 

Diffuser  lower  wall  pressure 

X 

33 

72 

.2 

34 

72 

.7 

35 

73 

.2 

, 

r 

36 

73 

.7 

f 

T 

40 

73 

.1 

Diffuser  inboard  wall  pressure 

X 

41 

73 

.6 

42 

74 

.1 

43 

75 

.0 

44 

81 

.1 

45 

83 

.0 

46 

88 

.7 

.. 

48 

98 

.0 

T 

50 

78 

.1 

Sweep  rake  (closest  to  centerbody) ,r/&=.681 

X 

51 

.770 

52 

.848 

53 

.915 

f 

54 

J  .976 

T 

TABLE  HI.  Concluded 


Tr  essure 
Orifice 
Number 


Model 

Station 


Description 


60 

IB 

n 

Lip  external  surface  pressure 

61 

62 

Is 

9 

63 

72 

5 

64 

73 

.1 

65 

73 

.7 

66 

74 

.7 

70 

7C 

0 

Upper  BL  rake  .02  in 

71 

(measured  from  centerbody)  .05  in. 

72 

.10  in. 

73 

i  .15  in. 

74 

.25  in. 

80 

70 

.0 

Lower  BL  rake  .02  in. 

81 

(measured 

from  centerbody)  .  Oj  in. 

82 

.10  in. 

83 

.15  in. 

84 

.25  in. 

'  static 


total 


200 


78.0 


Throat  bleed  plenum  pressure 


t 

X 
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TABLE  IV.  2DM  INLET  -  STEADY  STATE  PRESSURE  INSTRUMENTATION 


Pressure 

Orifice 

Number 

Model 

Station 

Description 

- - 

p 

static 

p 

total 

1 

58 

.9 

1st  ramp  surface  pressure 

X 

2 

62 

.8 

t 

3 

65 

.9 

2nd  ramp  surface  pressure 

4 

68 

.0 

5 

68 

.5 

6 

69 

.0 

7 

69 

.4 

8 

69 

.8 

9 

70 

.25 

10 

70 

.55 

11 

71 

.0 

20 

68 

.55 

Diffuser  lower  wall  pressure 

X 

21 

69 

.55 

22 

70 

.45 

24 

72 

.2 

25 

73 

.2 

26 

74 

.4 

27 

75 

.5 

28 

79 

.4 

29 

84 

.4 

40 

73 

.3 

Diffuser  upper  wall  pressure 

X 

41 

73 

.8 

42 

74 

.3 

43 

74 

.8 

44 

76 

.8 

45 

79 

.8 

46 

84 

.5 

47 

92 

.4 

1 

48 

98 

.0 

50 

80 

.0 

Translating  rake  . 

> 

[ 

51 

(measured  fro 

m  left,  looking  aft)  ^ 

52 

1.38  in 

53 

1.43  in 

i 

54 

2.48  in 

T 

60 

71 

.0 

Lip  external 

surface  pressure 

X 

61 

71 

.2 

62 

71 

.4 

63 

71 

.7 

64 

72 

.3 

65 

72 

.8 

19 
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TABLE  V.  COMPRESSOR  FACE  AND  METERING  STATION  - 
STEADY  STATE  PRESSURE  INSTRUMENTATION 


Pressure 

Orifice 

Number 

Model 

Station 

Description 

P 

static 

P 

total 

100 

98 

.9 

Bullet  nose  total 

X 

101 

100.0 

Compressor  face 

total,  0°  rake,  r/R  =  .9549 

> 

102 

.8581 

103 

.7488 

104 

.6205 

fe 

105 

.4577 

1 

106 

100.0 

Compressor  face 

total,  60°  rake, r/R  =  .9549 

> 

107 

.8581 

108 

.7488 

109 

.6205 

1 

110 

.4577 

f 

111 

10C 

).0 

Compressor  face  total,  120°  rake,r/R  =  .9549 

> 

112 

.8581 

113 

.7488 

114 

.6205 

115 

.4577 

116 

100.0 

Compressor  face 

:otal,  180°  rake, r/R  =  .9549 

X 

117 

.8581 

118 

.7488 

119 

.6205 

120 

!  .4577 

121 

100.0 

Compressor  face  total,  240°  rake,r/R  =  .9549 

3 

( 

122 

.8581 

123 

.7488 

124 

,  .6205 

125 

f 

f  .4577 

T 

126 

100.0 

Compressor  face  total,  300°  rake,r/R  =  .9549 

X 

127 

.8581 

128 

.7488 

129 

.  .6205 

130 

f 

T  .4577 

131 

100.0 

Compressor  face 

static,  0°,  upper  wall 

X 

132 

L_ 

♦ 

Compressor  face 

static,  180°,  lower  wall 

♦ 

TABLE  V.  Concluded 


Pressure 

Orifice 

Number 

1 

Model 

Station 

Description 

P 

static 

P 

total 

135 

105.2 

Metering  section  pressure,  (top),  0° 

< 

136 

1 

90° 

137 

i 

180° 

138 

t 

270° 

T 

139 

108.3 

Metering  section  throat  pressure,  upper  wall 

4 

< 

140 

108.5 

141 

108.8 

142 

109.1 

143 

115.2 

Metering  section  exit  pressure 

X 

22 


i 


TABLE  VI.  DYNAMIC  PRESSURE  INSTRUMENTATION 


Dynamic 

Pressure 

PD 

Model 

Station 

Description 

Pressure  Orifice 
Number 

(Steady  State) 

1 

98.9 

Bullet  nose  total  pressure 

100 

2 

1C 

)0.0 

Compressoi 

face  total,  0°  rake 

103 

3 

60°  rake 

108 

4 

120°  rake 

113 

5 

180°  rake 

118 

6 

240°  rake 

123 

7 

'  300°  rake 

128 

8 

Compressor  face  static,  0°  top 

131 

9 

1  180°  bottom 

132 

10 

Buried  Transducer,  bullet  nose 

11 

79.8 

2-D  inlet 

diffuser  static 

11 

76.6 

AX  inlet  diffuser  static 

27 

12 

80.0 

2-D  inlet 

translating  rake,  left, 

50 

looking  aft 

12 

78.1 

AX  inlet  translating  rake,  center 

52 

13 

80.0 

2-D  inlet  translating  rake,  center 

52 

13 

78.1 

AX  inlet 

translating  rake,  outboard 

54 

14 

- 

Tunnel  total  pressure 

23 


design 


Installation  Photograph,  Front  View 


Ramp  Bleed  Ports  (0.580  in2) 

Throat  Bleed  Ports  (0  to  2.01  in 


Inlet  Details  and  Diffuser  Details 


Represents  baseline  variable  cowl  inlet,  C5,  in  "drooped"  position  for  low  speed  operation. 


Vortex  Generator  Details 


Vortex  Generator 
Configuration 

Description 

V 

4  Pairs  as  shown 

VI 

1  Pair  on  Diffuser 

Ramp  Only 

e.  Vortex  Generator  Details 
Figure  1  Concluded 
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Figure  2.  Half-Axisymmetric  External-Compression  Inlet  (AX)  -  Mdesign 


Slot  for  Translation 


Full  Cone  Configuration  (AXF) 


Half  Cone  Configurations: 

(AXS)  with  Splitter  Plate 
(AXH)  without  Splitter  Plate 


c.  Centerbody  Configurations  for  Double  Cone  Compression  Surface 


Figure  2  Continued 
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a.  Installation  Photograph 

Figure  3.  Two-Dimensional  Mixed-Compression  Inlet  (2DM)  - 


Throat 


0.063  OD  (Typ  4  Places) 


Figure  4.  Metering  Section  Details 


Figure  5.  Subsonic  Diffuser  Area  Distribution  at  Design  Mach  Number 
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Wedge  and  Calibration  Hake  Installed  in  VKF-A  Supersonic  Wind  Tunnel 


O  Steady  State  Pressure  Instrumentation 
(See  Tables  II  and  V) 

A  Dynamic  Pressure  Instrumentation 
(See  Table  VI) 
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Figure  7.  Two-Dimensional  External  Compression  Inlet  and  Metering  Section  - 

Pressure  Instrumentation  Detail 
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rum 


O  Steady  State  Pressure  Instrumentation 
(See  Tables  III  and  V) 

A  Dynamic  Pressure  Instrumentation 
(See  Table  VI) 
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Figure  8.  Half-Axisymmetric  Inlet  and  Metering  Section  - 
Pressure  Instrumentation  Detail 
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O  Steady  State  Pressure  Instrumentation 
(See  Table  IV) 

A  Dynamic  Pressure  Instrumentation 
(See  Table  VI) 
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Figure  9.  Two-Dimensional  Mixed  Compression  Inlet  - 
Pressure  Instrumentation  Detail 
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All  Dimensions  in  Inches 


a.  2DE  and  2  DM  Inlets 

Figure  11.  Movable  Rake  and  Boundary  Layer  Rake  Details 
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0.  032  Diam 


Centerbody  Boundary  Layer  Rake 


All  Dimensions  in  Inches 

Movable  Rake 


b.  AX  Inlet  Rake  Details 
Figure  11  Concluded 
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Figure  12.  Typical  Dynamic  Total  Pressure  Probe  Installation 


Tunnel  and 
Inlet 


Figure  13  Continued 


Figure  13  Concluded 
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SECTION  m 
TEST  INFORMATION 


Test  Conditions 

The  inlet  models  described  in  Section  n  were  tested  over  a  wide  range  of  transonic 
and  supersonic  Mach  numbers  and  angles  of  attack. 

The  tests  were  conducted  in  the  VKF-A  Supersonic  Tunnel  and  the  PWT-4T 
Transonic  Tunnel  at  the  Arnold  Engineering  Development  Center,  Arnold  Air  Force 
Station,  Tennessee.  The  2DE  inlet  model  is  shown  mounted  in  the  PWT-4T  and  VKF-A 
tunnel  test  sections  in  Figures  14  and  15,  respectively.  Tunnel  operating  conditions  at 
which  data  were  obtained  in  each  of  the  tunnels  are  discussed  below.  For  identification 
of  specific  model  configurations  associated  with  each  tunnel  operating  condition,  the 
reader  is  referred  to  the  run  log  summary  presented  in  Tables  XIV,  XV  and  XVI. 

PWT-4T  Transonic  Wind  Tunnel.  Data  were  obtained  at  the  test  conditions 
indicated  in  Table  VII. 


TABLE  VII.  PWT-4T  TEST  CONDITIONS 


M 

0 

Re  x  10~ 6/ft 

0 

PTO,  psia 

To,  °R 

0.6 

5.0 

22.5 

565 

0.6 

5.5 

23.6 

565 

0.8 

2.5 

9.7 

565 

0.8 

4.5 

17.0 

565 

0.8 

5.5 

20.8 

565 

1.2 

2.5 

8.7 

565 

1.2 

4.5 

15.3 

565 

1.2 

5.5 

18.8 

565 

/» 

The  tests  were  generally  conducted  at  a  Reynolds  number  of  5. 5  x  10  per  foot 
over  the  range  of  Mach  numbers  indicated.  However,  some  tests  were  conducted  at  the 
lower  Reynolds  number  due  to  tunnel  power  limitations  during  periods  of  simultaneous 
operation  of  mo-e  than  one  tunnel  using  the  common  power  supply. 
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VKF-A  Supersonic  Wind  Tunnel.  Data  were  obtained  at  the  tunnel  operating 
conditions  indicated  in  Table  VIII. 


TABLE  Vin.  VKF-A  TUNNEL  OPERATING  CONDITIONS 


Mo 

- - 

ReQ  x  10  °/ft 

PTO,  psia 

T  ,  °R 
o’ 

1.51 

5.8 

20.4 

565 

1.9 

8.0 

565 

Htll 

5.7 

23.8 

565 

7.3 

30.5 

565 

2.18 

5.4 

24.5 

565 

2.25 

5.6 

25.5 

565 

2.50 

5.7 

30.5 

565 

3.00 

4.4 

30.0 

565 

The  tests  were  generally  conducted  at  the  highest  Reynolds  number  per  foot 
attainable,  while  maintaining  approximately  the  same  Reynolds  number  per  foot  at  all 
Mach  numbers.  This  resulted  in  Reynolds  number  of  nominally  5. 5  x  10°  per  foot 
over  the  range  of  Mach  numbers  from  1. 5  through  2.50,  except  at  Mach  2.0  where  the 
effect  of  Reynolds  number  was  a  specific  variable  to  be  investigated.  At  Mach  3. 0, 
testing  was  limited  to  a  test  Reynolds  number  of  4. 4  x  10°  per  foot  due  to  tunnel 
limitations. 


Test  Procedure 

The  test  procedure  established  for  testing  the  inlet  models  in  the  uniform  tunnel 
flow  field  of  the  PWT-4T  and  VKF-A  tunnels  and  for  testing  in  the  nonuniform  flow  field 
generated  by  the  flow  field  wedge  in  the  VKF-A  tunnel  follow. 

Uniform  Flow  Field  Tests.  The  test  procedures  followed  in  the  VKF-A  and 
PWT-4T  tunnels  were  essentially  the  same  except  for  the  tunnel  starting  and  shutdown 
procedures.  The  VKF-A  tunnel  was  equipped  with,  a  model  injection  system  which 
allowed  the  model  to  be  injected  into  the  tunnel  for  a  test  run  or  retracted  from  the 
tunnel  for  a  model  change  without  interrupting  the  tunnel  flow.  Thus,  the  starting  and 
shutdown  procedures  at  the  VKF-A  tunnel  were  accomplished  with  the  model  removed 
from  the  tunnel. 

At  the  VKF-A  tunnel,  the  model  was  injected  into  the  tunnel  after  the  desired 
Mach  number  and  pressure  conditions  were  established.  Inlet  parameters,  such  as 
compression  ramp  angle  or  centerbody  position  and  throat  bleed,  were  set  at  the 
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desired  positions  prior  to  model  injection.  During  injection,  the  model  was  positioned 
at  zero  angle  of  attack  and  sideslip,  with  the  inlet  mass  flow  metering  plug  opened  to 
a  position  where  supercritical  inlet  operation  was  assured. 

At  the  PWT-4T  tunnel,  the  model  was  positioned  in  the  tunnel  at  zero  angle  of 
attack  and  sideslip  during  tunnel  starting,  shutdown  and  Mach  number  changes.  The 
flow  metering  plug  was  set  at  an  open  position  during  tunnel  starts  and  shutdowns  to 
reduce  the  aerodynamic  loads  on  the  model. 

Once  the  model  was  positioned  in  the  tunnel  with  the  tunnel  conditions  established, 
the  subsequent  procedures  were  nearly  identical  for  both  tunnels.  With  the  model  posi¬ 
tioned  in  the  tunnel,  the  desired  inlet  parameters,  compression  ramp  or  centerbody 
position  and  throat  bleed  were  set  for  the  case  of  PWT-4T  operation,  and  checked  for 
the  case  of  VKF-A  operation.  The  model  was  then  positioned  at  the  desired  angle  of 
attack.  Next,  the  inlet  mass  flow  metering  plug  was  positioned  and  data  were  then 
ready  to  be  recorded. 

The  data  recording  was  done  in  two  modes.  First,  all  the  data  except  the  mov¬ 
able  rake  data  were  recorded,  and  secondly,  the  movable  rake  was  stepped  sequentially 
to  five  positions,  with  the  rake  data  recorded  at  each  position.  This  procedure  was 
repeated  for  approximately  five  flow  metering  plus  settings  for  each  test  condition. 
Steady  state  and  dynamic  data  were  recorded  simultaneously  at  each  data  point. 

For  supersonic  test  conditions,  the  range  of  mass  flow  ratios  investigated 
extended  from  supercritical  to  incipient  buzz.  Within  this  range,  compressor  face 
data  were  obtained  at  supercritical,  near  critical,  predicted  operational,  subcritical, 
and  incipient  buzz  conditions  for  each  supersonic  test  condition.  At  subsonic  test 
conditions,  compressor  face  data  were  obtained  at  similar  values  of  mass  flow  condi¬ 
tions,  except  that  the  lowest  mass  flow  was  selected  to  cover  the  probable  range  of 
operation  of  the  engine.  Because  of  the  time  associated  with  sweeping  the  movable 
rake  to  survey  the  diffuser,  data  at  this  station  were  generally  limited  to  three  mass 
flow  points:  supercritical,  operational  and  subcritical.  It  is  noted  that  the  movable 
rake  was  stowed  in  the  duct  wall  during  measurements  of  compressor  face  data. 

Nonuniform  Flow  Field  Tests.  For  the  inlet  tests  in  the  nonuniform  flow  field, 
the  inlet  was  placed  in  the  expansion  fan  of  the  flow  field  generator  wedge  such  that 
the  desired  Mach  number  variation,  4  M,  was  realized  across  the  inlet  reference  plane 
ab  (Figure  16).  The  inlet  reference  plane  ab  was  defined  as  the  projection  of  the  inlet 
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capture  area  normal  to  the  model  axis  on  a  plane  passing  through  the  forward  tip  of 
the  inlet  compression  surface.  The  magnitude  of  the  Mach  number  variation,  4M,  was 
controlled  by  the  relative  position  of  the  wedge  with  respect  to  the  inlet  models.  Thus, 
in  moving  the  inlet  model  toward  the  wedge,  the  value  ofhM  was  increased,  and  con¬ 
versely,  moving  the  model  away  from  the  wedge,  the  value  of  hM  was  decreased. 

Figures  17  and  18  show  the  2DE  and  AX  inlet  models  mounted  in  the  VKF-A  tunnel 
downstream  of  the  flow  field  generator  wedge. 

In  addition  to  the  procedures  outlined  for  testing  in  the  uniform  flow,  testing  in 
the  wedge  flow  field  required  positioning  of  the  wedge  and  inlet  model  for  each  test 
condition.  Tables  X  through  XIII  show  the  position  of  each  of  the  inlets  with  respect 
to  the  wedge  as  a  function  of  Mach  number,  angle  of  attack,  and  the  flow  field  gradient, 
4M/Mo>  Changes  in  wedge  position  and  model  position  were  both  accomplished  with 
the  tunnel  operating.  The  wedge  position  (YM)  was  adjusted  by  cranking  lead  screws  on 
each  end  of  the  wedge.  The  wedge  alignment  was  maintained  by  sighting  through  a 
transit.  The  inlet  model  position  (XM)  was  adjusted  through  the  use  of  the  model  injec¬ 
tion  system  mechanism. 

Data  Precision 

The  precision  of  the  basic  tunnel  parameters  (total  pressure,  total  temperature 
and  test  section  Mach  number)  for  each  of  the  PWT-4T  and  VKF-A  tunnels  are  pre¬ 
sented  in  References  1  and  2,  respectively.  A  discussion  of  the  precision  of  the  model, 
instrumentation,  and  resulting  data  follows. 

Steady  State  Pressure  Measurements.  All  of  the  steady  state  pressure  measure¬ 
ments  in  the  PWT-4T  were  made  with  individual  (15  psid)  transducers.  The  estimated 
uncertainties  in  the  pressure  recovery  resulting  from  the  tunnel  pressure  transducer 
system  were  estimated  to  be  no  greater  than  ±0. 15  percent.  The  uncertainty  of  the 
model  angle  of  attack  was  no  greater  than  ±0. 1  degree. 

At  the  VKF-A  tunnel,  pitot  pressure  measurements  for  the  movable  rakes  were 
obtained  with  individual  15  psid  transducers  with  variable  reference  and  having  full 
scale  calibrated  ranges  of  5  to  15  psid.  All  other  steady  state  pressures  were  measured 
with  25  psid  strain  gage  transducers  mounted  in  three  48  port  Scanivalves.  The  un¬ 
certainty  of  the  movable  rake  pressure  measurements  was  estimated  to  be  ±0.3  percent. 

The  other  steady  state  pressure  measurements  were  estimated  to  have  an  uncertainty 
of  ±1.0  percent.  The  precision  of  the  model  angle  of  attack  was  estimated  to  be  ±0. 1  degree. 
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Based  on  the  laboratory  calibrations,  and  on  the  precision  of  the  potentiometers 
used,  the  estimated  uncertainty  in  the  position  of  the  translating  model  components 
(centerbodies,  mass  flow  plug,  throat  bleed  orifice  plate  and  2D  model  movable  rake) 
was  ±0.10  inches.  The  precision  of  the  rotating  components,  2DE  and  2DM  compres¬ 
sion  ramp  angles  and  AX  model  movable  rake  was  estimated  to  be  ±0. 1  degree  and 
±1.0  degree,  respectively.  Calibration  of  the  flow  field  wedge  indicated  that  the  ef¬ 
fective  angle  of  the  wedge  at  all  Mach  numbers  was  0.5  to  1.0  degrees  greater  than 
the  nominal  8  degree  angle  (Figure  6). 

Calibrations  of  the  mass  flow  system  conducted  at  the  Northrop  Aerosciences 

Laboratory  indicated  uncertainties  of  +2  percent  in  the  inlet  mass  flow  metering 
throat  bleed  and  ramp  bleed  systems. 

Dynamic  Pressure  Measurements.  The  dynamic  pressure  probes  were  cali¬ 
brated  at  each  of  the  wind  tunnels  to  determine  the  transducer  response  to  known  levels 
of  excitation.  Based  on  these  calibrations  the  uncertainty  of  the  dynamic  pressure 
measurements  was  estimated  to  be  ±1.4  percent.  In  addition  to  the  uncertainties  noted 
above,  the  presence  of  oil  in  tunnel  air  resulted  in  the  contamination  of  the  compressor 
face  dynamic  probes  during  tests  in  the  PWT-4T  tunnel.  Since  the  accumulation  of  oil 
on  the  probes  would  be  a  function  of  exposure  time,  a  chronological  inspection  of  the 
data  was  conducted.  Based  on  this  study  (see  Volume  I  for  details),  it  was  concluded 
that  the  dynamic  data  measured  at  the  compressor  face  was  questionable  after  part 
number  300.  The  dynamic  data  from  the  probes  on  the  movable  rake  and  the  wall 
mounted  statics  were  unaffected  by  the  oil  contamination. 

Inlet  Parameters.  Assuming  a  combination  of  maximum  freestream  and  pressure 
measurement  uncertainties,  the  precision  of  the  derived  inlet  parameters  was  com¬ 
puted  to  be  as  shown  in  Table  IX. 


TABLE  IX.  INLET  PARAMETER  UNCERTAINTIES 


Inlet  Parameter 

Uncertainties,  Percent 

VKF-A 

PWT-4T 

PTCF/PTO 

1.1 

.4 

PTR/PTO 

.  6 

.4 

RMSCF/PTCF 

1.7 

1.3 

RMSR/PTR 

1.4 

1.3 

WCF/WC 

2.5 

2.2 

WBR/WC 

2.5 

2.2 

wbtAvc 

2.5 

2.2 
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Estimated  uncertainties  in  the  distortion  indices  for  each  of  the  tunnels  based 
on  the  precision  of  individual  pressure  measurements  were: 

DICF  =  +0.014  and  DIR  =  ±0.003  at  the  VKF-A  tunnel  and  DICF  and  DIR 

-•  ±0. 003  at  the  PWT-4T  tunnel. 

Summarized  Run  Log 

A  complete  summary  of  the  tests  conducted  during  the  course  of  this  study  are 
presented  in  Tables  XIV  through  XVI.  The  transonic  tests  conducted  at  the  PWT-4T 
tunnel  are  summarized  in  Table  XIV.  Supersonic  tests  concluded  at  the  VKF-A  tunnel 
are  summarized  for  uniform  and  nonuniform  flow  field  tests  in  Tables  XV  and  XVI, 
respectively.  The  test  points  {part  number  at  PWT-4T  and  group  number  at  VKF-A) 
are  grouped  together  for  each  primary  variable  tested.  The  primary  variable  in  each 
series  is  indicated  by  an  arrow. 
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oo  o 


rather  than  the  usual  AM/M  *  (M  +  A  M/-)  -  (M  -  AM/-) 

oo  2  o  2 
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TABLE  XII.  WEDGE  -  INLET  POSITION,  AX  INLET 


T 


XM 


M 

0 

A  M/Mo 

a,  deg. 

XM,  in. 

YM,  in. 

1.75 

.15 

0 

25.3 

11.5 

.20 

-5 

19.8 

7.8 

.20 

0 

20.6 

8.3 

.20 

5 

21.3 

8.8 

.20 

10 

22.0 
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.20 
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.20 
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25.4 
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.20 
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TABLE  XIV.  SUMMARIZED  RUN  LOG  —  TRANSONIC  UNIFORM  FLOW  FIELD  (PWT-4T) 
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All  data  recorded  at  a  nominal  Reynolds  number  per  foot  of  5.5  x  10  except  where  noted 
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TABLE  XVI.  SUMMARIZED  RUN  LOG  -  SUPERSONIC  NONUNIFORM  FLOW  FIELD  (VKF-A) 


All  data  recorded  at  a  nominal  Reynolds  number  per  foot  of  5.8 
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TABLE  XVI  Continued 


For  the  2 DEN  configuration  (model  rolled  +  90°  from  upright),  a  and  /?  are  relative  to  the  tunnel  support  system.  For 
all  other  configurations,  a  and  /3  are  identified  with  the  upright  model  attitude  convention. 

For  the  AX  inlet  the  column  refers  to  centerbodv  position  (CPX)  in  inches. 
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•T  Transonic  Wind  Tunnel 


Figure  18.  Half-Axisymmetric  External-Compression  Inlet  (AX)  and  Flow  Field 
Wedge  Installed  in  VKF-A  Supersonic  Wind  Tunnel 


Data  Presentation 


The  tabulated  data  are  documented  on  seven  rolls  of  microfilm  and  are  included 
in  the  Appendix  of  this  report.  Identification  of  the  individual  rolls  is  presented  in 
Table  XVII.  There  are  three  basic  formats  of  data  presentation  corresponding  to  the 
uniform  approaching  supersonic  flow  field  tests  at  the  VKF-A  facility  (roll  numbers  1, 
2  and  3),  uniform  approaching  transonic  flow  field  tests  at  the  PWT-4T  facility  (roll 
numbers  4  and  5),  and  the  nonuniform  approaching  supersonic  flow  field  tests  at  the 
VKF-A  facility  (roll  numbers  6  and  7).  Samples  of  the  various  tabulated  data  formats 
appearing  in  the  seven  rolls  are  presented  in  Figures  19  through  21  and  discussed 
below.  Nomenclature  used  in  the  data  formats  shown  for  the  VKF-A  tunnel  in  Figures 
19  and  21  are  presented  in  Table  XVIII.  Nomenclature  for  PWT-4T  tunnel  tabulated 
data  formats  shown  in  Figure  20  are  presented  in  Table  XIX. 

In  roll  numbers  1-3,  there  are  two  basic  types  of  runs  (group  number).  The 
first  consists  of  all  pressure  measurements  (excluding  the  movable  rake)  and  the  pri¬ 
mary  performance  parameters  derived  from  these  pressure  measurements.  These 
data  are  presented  on  three  tabbed  sheets  as  shown  in  Figures  19a,  19b  and  19c  for  the 
2DE  inlet.  The  second  type  of  data  consists  of  pressure  measurements  made  by  the 
movable  rake  at  the  various  traversed  positions  and  the  local  performance  parameters 
derived  from  these  pressure  measurements.  These  data  are  presented  on  one  tabbed 
sheet  as  shown  in  Figure  19d  for  the  2DE  inlet.  The  data  for  the  AX  and  2DM  inlets 
appearing  in  roll  numbers  2  and  3,  respectively,  are  similar  in  format  to  the  sample 
data  illustrated  for  the  2DE  inlet,  except  that  the  movable  rake  data  for  the  AX  inlet 
are  presented  for  different  rake  sweep  angles  rather  than  the  traversed  distances  as 
for  the  2D  inlets. 

The  transonic  data  presented  in  roll  numbers  4  and  5  also  consist  of  two  basic 
types  of  run  (part  number)  as  above.  The  primary  pressure  measurements  and  per¬ 
formance  parameters  are  presented  on  two  tabbed  sheets  as  shown  on  Figures  20a  and 
20b  for  the  2DE  inlet.  The  movable  rake  data  and  rake  station  performance  parame¬ 
ters  are  presented  on  one  tabbed  sheet  as  shown  in  Figure  20c  for  the  2DE  inle'..  The 


AX  data  on  roll  number  5  have  a  similar  format.  Note  that  no  transonic  data  were 
obtained  with  the  2DM  inlet. 

The  nonuniform  approaching  supersonic  flow  field  inlet  data  presented  on  roll 
numbers  6  and  7  follow  a  similar  format  as  that  used  on  rolls  1,  2  and  3  except  for  the 
addition  of  the  flow  survey  rake  data  which  measures  the  local  Mach  number  gradient. 
The  primary  pressure  data  and  performance  parameters  are  presented  on  three  tabbed 
sheets  as  shown  in  Figures  21a,  21b,  and  21c  for  the  2DE  inlet.  The  Mach  number 
gradient  data  are  presented  on  the  third  page.  The  movable  rake  data  are  presented 
on  Figure  21d.  The  AX  data  follow  a  similar  format.  In  addition  to  the  inlet  data, 
detailed  mapping  of  the  nonuniform  flow  field  with  the  wedge  mounted  rakes  (Figure 
13a)  are  presented  on  a  single  tabbed  sheet  for  each  Mach  number.  An  example  of 
this  format  is  presented  in  Figure  22. 

It  should  be  noted  that  some  of  the  tabbed  sheets  also  include  data  related  to  the 
operation  of  the  tunnel  which  are  not  identified  in  the  nomenclature  section.  All  data 
which  have  a  direct  effect  on  the  calculation  of  tunnel  parameters,  such  as  Mach  num¬ 
ber,  Reynolds  number,  etc. ,  are  included  in  the  nomenclature  section. 

Tables  XX  through  XXII  present  summaries  of  data  errors  and  bad  coded  pres¬ 
sures  in  the  tabulated  data.  The  bad  coded  pressures  refer  to  erroneous  pressures 
removed  from  the  calculation  of  performance  parameters.  The  more  detailed  sum¬ 
maries  for  the  supersonic  data  (Tables  XX  and  XXII)  were  provided  by  the  AEDC-VKF 
Tunnel  A  Facility.  The  condensed  summary  for  the  transonic  data  (Table  XXI)  pre¬ 
sents  only  the  data  errors  which  directly  influence  the  derived  inlet  performance 
parameters  or  the  dynamic  RMS  pressures. 

Configuration  Run  Summary 

A  summary  of  the  configurations  tested  and  the  corresponding  run  numbers  is 
presented  in  Tables  XXIII  through  XXV  to  aid  the  reader  in  isolating  the  data  of  inter¬ 
est  from  the  microfilms.  Table  XXIII  presents  a  summary  of  the  configurations  tested 
for  data  appearing  in  microfilm  roll  numbers  1,  2  and  3;  i.e.,  for  the  uniform 
approaching  supersonic  flow  field.  Similarly,  Tables  XXIV  and  XXV  correspond  to  the 
transonic  data  (microfilm  roll  numbers  4  and  5)  and  uniform/nonuniform  supersonic 
data  (microfilm  roll  numbers  6  and  7),  respectively.  The  tables  are  arranged  such 
that  for  a  given  configuration,  model  attitude,  and  freestream  conditions,  the  run  num¬ 
bers  for  the  range  of  mass  flow  ratio  tested  are  presented.  In  addition,  the  run  num¬ 
bers  are  divided  into  two  groups  corresponding  to  the  primary  performance  data  (at 
the  compressor  face)  and  the  movable  rake  data. 
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TABLE  XVD.  MICROFILM  DATA  SUMMARY 


Roll  Number 


1 


Type  of  Data 

Data  Group 
or 

Part  Numbers 

AEDC 

Project  Number 

2DE  uniform  supersonic 

1-380 

997-1288 

VKF-VA0926 

AX  uniform  supersonic 

381-920 

VKF-VA0926 

2DM  uniform  supersonic 

921-996 

1289-1471 

VKF-VA0926 

2DE  uniform  transonic 

13-479 

PWT- PC-0029 

AX  uniform  transonic 

483-1078 

PWT-PC-0029 

2DE  uniform/ nonuniform 
supersonic 

1-701 

VKF-VA0154 

AX  uniform/nonuniform 
supersonic 

702-1173 

VKF-VA0154 

TABLE  XVIII.  TABULATED  DATA  FORMAT  NOMENCLATURE  -  VKF-A  TUNNEL 


Run  Identification 


CONFIG 


GRP,  GROUP 
PROJ,  PROJECT 

Tunnel  Conditions 

MACH  NO,  MACH 
MUINF 
PINF 
PO  AVG 

PREF,  PS REF 

QINF 

RE /FT 

RHOINF 

TINF 

TO 

VINF 


Configuration  number 

1  -  2DE 

2  -  2  DM 

3  -  AX 

WEDGE  -  Wedge  flow  field 
Group  Number 
ARO  project  number 


Tunnel  frees tr earn  Mach  number 
Freestream  viscosity,  lb-sec/ft 
Freestream  static  pressure,  psia 
Average  tunnel  stagnation  pressure,  psia 
(for  data  loops  taken  from  taps  101  -*  130) 
Reference  pressure,  psia 
Freestream  dynamic  pressure,  psi 
Freestream  Reynolds  number  X10'6 
Freestream  density,  slugs/ft^ 

Freestream  static  temperature,  °R 
Tunnel  total  temperature,  °R 
Freestream  velocity,  ft/sec 


Model  Components  and  Model  Position 


AC 

ALPHA- S 

ALPM-ALPHA-M 
ALP 2,  ALPHA-MI 
ALPM(CORR) ,  ALPHA-M2 
ALP2(C0RR) 

BETA,  BETA-MI 
BETA-M2 

CPX 

CR 

DEL2 

L 

MBX 

TBX 

THETA 


Model  capture  area,  in^ 

Sector  angle  of  attack,  deg.  (ALPHA-S  =  -4.0 
deg.  when  ALPHA-MI  =  0). 

Model  angle  of  attack  (based  on  sector  angle),  deg. 

Model  angle  of  attack  (based  on  angle  indicator),  deg. 
Model  angle  of  attack  corrected  for  side  slip  angle,  deg. 

Model  sideslip  angle,  deg. 

Model  sideslip  angle  corrected  for  angle  of 
attack,  deg. 

Distance  from  AX  centerbody  tip  to  cowl  lip,  in. 

Sector  center  of  rotation,  in. 

Second  ramp  angle  relative  to  first  ramp.  deg. 

Reference  length,  28  in. 

Mass  flow  plug  position,  in. 

Throat  bleed  plate,  position,  in, 

AX  movable  rake  circumferential  location  measured 
from  12  o'clock  position,  deg. 
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TABLE  XVHI.  (Concluded) 


X  Axial  distance  from  throat  to  pressure  orifice,  in. 

XM  Axial  distance  between  wedge  and  inlet  based  on 

ALPM,  in. 

XM2  Axial  distance  between  wedge  and  inlet  based  on 

ALP2,  in. 

XS  Sector  axial  position,  in. 

YM  Vertical  distance  between  wedge  and  inlet  based 

on  ALPM,  in. 

YM2  Vertical  distance  between  wedge  and  inlet  based  on 

ALP2,  in. 

YW  Vertical  distance  between  wedge  and  tunnel  center 

line,  in. 

Z  Movable  rake  position  measured  from  diffuser  ramp,  in. 


Inlet  Performance 

CFR 

CP 

DICF 

DIT 

MI 

MINF 

P 

PTCF 

RMS 

(RMSCF)AVG 

( RMS  T ) OAVG / TRR*  PO 

TAP 

TRR 

WBC 

WBR 

WBT 

WBS1 

WBS2 

WC 

WCF 

(WCF)CORR 

WO 


Compressor  face  pressure  recovery 

Pressure  coefficient 

Compressor  face  pressure  distortion 

Movable  rake  station  pressure  distortion 

Local  Mach  number 

Tunnel  frees tr earn  Mach  number 

Measured  pressure,  psia 

Compressor  face  average  pressure,  psia 

Root  mean  square  of  pressure  fluctuation,  psi 

(see  Table  2-5  for  instrumentation  definition) 

Compressor  face  average  turbulence 

Movable  rake  station  average  turbulence 

Pressure  orifice  number  (see  Tables  2-1  through  2-4) 

Movable  rake  station  pressure  recovery 

Cowl  bleed  mass  flow,  lbs/sec 

Ramp  bleed  mass  flow,  lbs/sec 

Throat  bleed  mass  flow,  lbs/sec 

Forward  side  plate  bleed  mass  flow,  lbs. /sec. 

Aft  side  plate  bleed  mass  flow,  lbs/sec. 

Capture  area  mass  flow,  lbs/sec. 

Compressor  face  mass  flow,  lbs/sec. 

Corrected  compressor  face  mass  flow,  lbs/sec. 

Total  inlet  mass  flow,  lbs/sec 
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TABLE  XIX.  TABULATED  DATA  FORMAT  NOMENCLATURE  -  PWT-4T  TUNNEL 


Run  Identification 


INLET 

PART 

POINT 

TEST 

TIME 


Inlet  configuration,  AX  or  2DE. 

Part  number. 

Data  Point,  each  time  transducers  are  read  for 
given  part  number. 

PWT-4T  project  number. 

Hour,  minute,  second. 


Tunnel  Conditions 


Ml 

PI 

PTA-1 

Q1 

RX10-6 


Tunnel  frees tream  Mach  number. 
Freestream  static  pressure,  psfa. 
Freestream  total  pressure,  psfa. 
Freestream  dynamic  pressure,  psf. 
Freestream  Reynolds  number,  1/ft. 


Model  Components  and  Model  Position 


ALF-D 

ALF-M 

AXR 

BET-M 
CPX 
CPX-RC 
DEL- 2 
MBX 

MODEL  STA. 
TBX 
2  DR 


Model  angle  of  attack,  deg. 

Model  angle  of  attack  corrected  for  sideslip,  deg. 
AX  movable  rake  circumferential  location  measured 
from  12  o'clock  position,  deg. 

Model  angle  of  sideslip,  deg. 

Distance  from  AX  centerbody  tip  to  cowl  lip,  in. 
CPX  referred  to  cowl  radius. 

Second  ramp  angle  relative  to  first  ramp,  deg. 
Mass  flow  plug  position,  in. 

Model  station. 

Throat  bleed  plate  position,  in. 

Movable  rake  position  measured  from  diffuser 
ramp ,  in . 


Inlet  Performance 


CF-AVE 

Compressor  face  pressure  recovery. 

CP 

Pressure  coefficient. 

DICF 

Compressor  face  pressure  distortion. 

DIT 

Movable  rake  station  pressure  distortion 

MFR-BR 

Ramp  bleed  mass  flow  ratio. 

MFR-BS1 

Side  plate  bleed  mass  flow  ratio. 

MFR-BT 

Throat  bleed  mass  flow  ratio. 

MFR-CF 

Compressor  face  mass  flow  ratio 

MFR-0 

Inlet  mass  flow  ratio. 
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TABLE  XIX.  (Concluded) 


NRMS 

P 

P/PTA 

P-REF 

PRMS 


RK-AVE 


RMST 

TAP 

T-AVE 


WBR 

WBS1 

WBT 

WC 

WOAX 

W02DE 


PRMS  referred  to  compressor  face  pressure  (see  table 
2-5  for  instrumentation  definition) 

Measured  pressure,  psfa. 

Measured  pressure  referred  to  tunnel  total  pressure. 
Flow  metering  reference  pressure 
Root-mean- square  of  pressure  fluctuation,  psi  (see 
Table  2-5  for  instrumentation  definition) 

Movable  rake  average  pressure  ratio  at  a  given 
location 

Average  pressure  of  2  or  more  rake  locations;  average 
pressure  at  movable  rake  station  when  5  rake  locations 
are  averaged. 

Movable  rake  average  turbulence,  at  a  given  location. 
Pressure  orifice  number  (see  Tables  2-1  through  2-4) 
Average  turbulence  of  2  or  more  rake  locations; 
average  turbulence  at  movable  rake  station  when  5 
rake  locations  are  averaged. 

Ramp  bleed  mass  flow,  lbs/sec. 

Side  plate  bleed  mass  flow,  lbs/sec. 

Throat  bleed  mass  flow,  lbs/sec. 

Capture  area  mass  flow,  lbs/sec.. 

Total  inlet  flow,  AX  inlet 
Total  inlet  flow,  2DE  inlet 


TABLE  XX.  DATA  ERRORS  AND  BAD  CODED  PRESSURES  - 
SUPERSONIC  UNIFORM  FLOW  FIELD  (VKF-A) 


2DE  INLET 


Group 

Number 

Remarks 

!  1  - ►  920 

Taps  85  and  135  are  wrong. 

|  1  - -91 

Taps  80,  81,  82  and  84  are  wrong. 

‘  3 

Omitted  -  Gp  15  was  a  repeat. 

9 

Tap  124  bad  coded. 

i  11 

Tap  73  and  83  are  wrong. 

!  17 

Has  two  loops  at  the  same  Z  location. 

32 

Omittec 

56 

Taps  94  and  95  are  wrong. 

79 

Omitted  -  Gp  80  was  a  repeat. 

98 

Omitted  -  Gp  101  was  a  repeat. 

!  99 

Omitted 

106 

Omitted  -  Gp  121  was  a  repeat. 

113 

Taps  48  and  143  are  wrong. 

150 

Omitted  -  Gp  152  was  a  repeat. 

173 

Taps  27  and  45  are  wrong. 

175 

Taps  7  and  8  are  wjon>». 

197—200 

Tap  100  is  wrong. 

224 — -230 

Tap  100  is  wrong. 

231 

Has  two  loops  at  the  same  Z  location  and  tap  100  is  wrong. 

232  —249 

Tap  100  is  wrong. 

.  250—263 

Tap  119  bad  coded.  Tap  100  is  wrong. 

;  264—279 

Tap  125  bad  coded. 

:  280—282 

Taps  115  and  125  bad  coded.  Taps  26  and  66  are  wrong. 

283 

Omitted 

284—287 

Taps  115  and  125  bad  coded.  Taps  26  and  66  are  wrong. 

|  288 

Taps  115,  124  and  125  bad  coded.  Taps  26  and  66  are  wrong. 

:  289—311 

Taps  115  and  125  bad  coded.  Taps  26  and  66  are  wrong. 

1  312 — "328 

Tap  115  bad  coded.  Taps  26  and  66  are  wrong. 

|  329 

i  Taps  114,  115  and  125  bad  coded.  Taps  26  and  66  are  wrong. 

j  330—344 

Tap  115  bad  coded.  Taps  26  and  66  are  wrong. 

i  345 

!  Taps  115  and  123  bad  coded.  Taps  26  and  66  are  wrong. 

j  3 46 - 354 

Tap  115  bad  coded.  Taps  26  and  66  are  wrong. 

i  355 - 365 

'  Tap  115  bad  coded. 

366 

Omitted  -  bad  paper  tape. 

367—380 

Tap  115  bad  coded. 

997—1286 

Dynamic  transducers  Nos.  5  and  12  and  Tap  108  bad  coded. 

997—1233 

!  Tap  100  was  leaking. 

1137 

Tap  74  is  wrong. 

1234—1288 

Tap  102  bad  coded . 

1244 

Tap  113  is  one  psi  low. 

1154—1198 

Dynamic  transducer  No.  1  not  working. 

NOTE:  Bad  coded  pressures  not  used  in  calculation  of  performance  parameters. 
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TABLE  XX.  (Continued) 
AX  INLET 


Group 

No. 

Remarks 

3*1—320 

Taps  115,  125  and  135  bad  coded. 

3*1  —854 

Taps  35  and  36  are  reversed. 

3*2  —  393 

Tap  30  is  wrong. 

452 

Omi tted 

4  54 

Omitted 

463  — *■  4C)"' 

Tap  54  is  wrong  and  is  replaced  with  Tap  53  in  the 

calculations. 

532 

Omitted  -  out  of  sequence. 

64  3  —854 

Tap  53  is  wrong  and  is  replaced  with  Tap  52  in  the 

calculations. 

733 

Tap  105  bad  coded. 

’’64—824 

Tap  100  is  wrong. 

829  —  854 

Taps  65  and  100  are  wrong. 

855—920 

Taps  21,  23,  40,  -1  and  42  are  wrong.  Tap  116  bad  coded. 

858 

Omi t  ted 

36 1 

Omi t  ted 

Bad  coded-pressures  not  used  in  calculation  of  performance  parameter 


TABLE  XX.  (Concluded) 
2 DM  INLET 


Croup 

No. 

Remarks 

921  —  1471 

Dynamic  Transducers  Nos.  5  and  12  and  Tap  108  bad  coded. 

921  —996 

Tap  100  is  wrong. 

1289  — 1471 

Tap  102  bad  coded.  Tap  7  was  leaking. 

1334—1471 

Tap  44  was  leaking. 

1388 

Omitted 

1458 

Omi tted 

1439—1471 

Dynamic  Transducer  No.  1  not  working. 

NOTE:  Bad  coded-pressures  not  used  in  calculation  of  performance  parameters. 
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TABLE  XXI.  DATA  ERRORS  AND  BAD  CODED  PRESSURES  - 
TRANSONIC  UNIFORM  FLOW  FIELD  (PWT-4T) 


Part  Number 

Remarks 

13-1078 

Dynamic  Transducer  No.  8  inoperative  for  entire  test 

13-1078 

Tap  118  bad  coded 

25 

Tap  116  leaking  -  error  included  in  calculation  of 

PTCF/PTO 

28-121 

Tap  116  bad  coded 

23-1078 

Dynamic  Transducer  No.  9  inoperative 

229-1078 

Dynamic  Transducer  No.  5  bad  coded 

326 

Tap  103  leaking  -  error  included  in  calculation  of 

PTCF/PTO 

328-477 

Tap  103  bad  coded 

697-1078 

Dynamic  Transducer  No.  11  inoperative 

1053-1078 

Tap  130  bad  coded 

NOTE:  Bad  coded-pressures  not  used  in  calculation  of  performance  parameters. 


r 
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TABLE  XXII.  DATA  ERRORS  AND  BAD  CODED  PRESSURES  - 
SUPERSONIC  NONUNIFORM  FLOW  FIELD  (VKF-A) 

2DE  INLET  WITHOUT  WEDGE 


Group 

No. 

Remarks 

(Numbers  refer  to  pressure  taps) 

1  and  2* 

Wrong  -  tanks  leaked 

l  — -  98 

72,  74,  81  and  82  leaked 

1  - ►  19 

52,  110  and  119  bad  coded 

20  — -  33 

52  bad  coded  and  82,  131  and  110  leaked 

34  —  71 

110  bad  coded 

39  — -99 

4,  5,  6  and  7  leaked 

57  — -60 

106,  111,  121,  135  and  136  were  bad  coded.  However,  they 
are  correct. 

66  — -71* 

All  data  on  valve  #2  is  bad. 

98  — -168 

1  and  81  leaked 

106 

101  bad  coded 

112—168 

RMS  5  bad  coded 

121 

23,  27,  136  and  138  bad  and  117  bad  coded 

123 

103  bad  coded 

129—168 

RMS  8  is  bad 

*Performance  parameters  are  incorrect. 

NOTE:  Bad  coded-pressures  not  used  in  calculation  of  performance  parameters. 
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TABLE  XXII.  (Continued) 
2DE  INLET  WITH  WEDGE 


Group 

No. 

Remarks 

(Numbers  refer  to  pressure  taps) 

180  —701 

81  and  85  leaked 

180—254 

48  leaked 

183* 

Reflected  wedge  bow  shock  forward  of  inlet 

183  and  184 

RMS  8  is  wrong 

185—192 

RMS  5  is  bad  coded 

236* 

Pressures  are  approximately  4  psi  low 

2  30 

113  bad  coded 

233  —254 

RMS  4  bad  coded 

255  —306 

28  leaking 

266 

94  bad  point 

302 

124  bad  coded 

322 

122  bad  coded 

351 

45  bad  point 

389 

48  bad  point 

392—443 

45  ana  132  leaked 

400—443 

RMS  2  bad  coded 

419 

94  bad  point 

432 

137  bad  coded 

o 

t 

1  leaking:  On  board  a  indicator  failed,  a  ^ »  xm2  an^ 
ym2  wrong 

455 

53  (loop  5)  bad  coded 

472 

48  bad  point 

492 

53  (loop  2)  bad  coded 

494 

53  (loops  4  and  5)  bad  coded 

499—502 

53  (all  loops)  bad  coded 

514 

101  bad  coded 

525 

111  bad  coded 

541 

94  bad  point 

548 

104  bad  coded 

561—701 

105  bad  coded  (tube  broken) 

575 

RMS  8  bad  point 

624* 

Has  only  four  loops 

631 

131  bad  point 

652  —701 

RMS  4  bad  coded 

659 

7  bad  point 

701 

52  (loop  6)  bad  coded 

*Performance  parameters  are  incorrect. 


NOTE:  Bad  coded-pressures  not  used  in  calculation  of  performance  parameters. 


L 
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TABLE  XXII.  (Continued) 
AX  INLET  WITH  WEDGE 


Croup 

No. 

Remarks 

(Numbers  refer  to  pressure  taps) 

702—1012 

8  was  not  measured  and  105  bad  coded 

702—902 

Onboard  a  indicator  failed:  a^t  x^i  anc^  ym2  "  wron8 

702  —  706 

210 - >-216  were  plugged 

710 

111  bad  coded 

768 

137  bad  coded 

775 

104  and  123  bad  coded 

777 

131  bad  point 

788 

43  bad  point 

792 

124  bad  coded 

794 

114  bad  coded 

815 

125  bad  coded 

847,  857,  867 

Scanner  problem  -  these  groups  were  lost 

872 

44  bad  point 

943 

115  bad  coded 

962 

51  (loops  1  and  4)  bad  coded 

968—  3  012 

RMS  13  bad  coded 

984—1012 

210 — —216  were  not  measured 

975 

51  (loop  2)  bad  coded 

1010 

104  bad  coded 

NOTE:  Bad  coded-pressures  not  used  In  calculation  of  performance  parameters 


TABLE  XXII.  (Concluded) 

AX  INLET  WITHOUT  WEDGE 


Group 

No. 

Remarks 

(Numbers  refer  to  pressure  taps) 

1013  —  1173 

8  was  not  measured,  105  was  bad  coded  and  RMS  13  was  bad 
coded 

1013-1044 

216  may  be  wrong  (Instr,  problems) 

1045—1173 

210 - *-216  were  not  measured 

1047 

125  bad  coded 

1056 

51  (loop  1)  bad  coded 

1094 

137  bad  coded 

1100 

114  bad  coded 

1130 

43  bad  point 

1134 

Instr.  zero  shift  -  group  lost 

NOTE:  Bad  coded-pressures  not  used  in  calculation  of  performance  parameters 
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CONFIGURATION  RUN  SUMMARY  —  SUPERSONIC  UNIFORM  FLOW  FIELD1  ( VKF-A) 


All  data  recorded  at  a  nominal  Reynolds  number  per  ft.  of  5.8  X  10°  except  where  noted 


TABLE  XXIII.  (Continued) 


-5/0  T  f  1085,  1087,  1088,  1089,  1086,  1090,  1092 

1091 


237,  238,  239,  241,  242  240 


TABLE  XXm.  (Continued) 


FABLE  XXIII.  (Continued) 


103 


I'ABLK  XXIII.  (Continued) 


105 


TABLE  XXIII.  (Continued) 


145  I  ’  2.00  5/0  5.00  .2851  774,  776,  777,  779 


TABLE  XXIII.  (Continued) 


TABLE  XXIII.  (Continued) 


'ABLE  XXIII.  (Continued) 


TABLE  XXIII.  (Continued) 
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TABLE  XXIII.  (Concluded) 
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TABLE  XXIV.  CONFIGURATION  RUN  SUMMARY  —  TRANSONIC  UNIFORM  FLOW  FIELD  (PWT-4T) 
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d  number  following  a  part  number  implies  the  test  point  number;  eg,  293-1  refers  to  part 
293,  test  point  1.  Part  numbers  without  a  dashed  number  automatically  refer  to  test 
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TABLE  XXIV.  (Concluded) 


TABLE  XXV.  CONFIGURATION  RUN  SUMMARY  -  SUPERSONIC  NONUNIFORM  FLOW  FIELD  (VKF-A) 
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For  all  2DEN  configurations  (model  rolled  +90°  from  upright),  a  and  0  are  relative  to  the 
tunnel  support  system.  For  all  other  configurations,  a  and  /? are  identified  with  the 
upright  model  attitude  convention. 
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Figure  19.  Sample  Tabulated  Data  Format  -  Uniform  Flow  Field, 

VKF-A  Tunnel,  2DE  Inlet 
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Primary  Performance  Data,  Sheet  2 
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Primary  Performance  Data,  Sheet  3 
Figure  19  Continued 


AEOC<A«0.lNC.»AMNOLO  AFS.  TENNESSEE 
w‘>n  KAMMAh  oAb  dynamics  facility 

^4_?_0,N*H1C  *i*°  ,U**E**»  SUPERSONIC  (At 


*  I 

»  •*  Of*  mm 

2  ?*7?T 

S  N-  >  ♦  OO 

*  fSj  O  #  OO 

*  •  •<••• 


M  MAI  MftJ 
4  O  O  O  O  O 
•*•11111 
Uj  UJ  UJ  UJ  UJ 
MN04-«0 
X  P  o  4  4  r» 
I  n  om  n  4 
•  •  •  •  • 
fg  m  ^  ru  ig 


t 

—  0  —  —  — 

1 

$ 

nooooo 
—  1  111 

06000 

! 

I  0 

Uf  UJ  UJ  UJ  UJ 

ui  uj  uj  ui  m 
p  0  4*0  4 

fg 

O 

_  IT 

i/»  nifto  *« 

1 

i 

O 

t  • 

X  N?  0  4© 

4 0  —0  Mm 

A 

fg 

u  fg 

X  fg  0  4  OD  0 

poooo 

p  —  a.  m  — 


fg  m  n  m 


M  fg  4u  fg  rg 
fg  00600 

yj  yj  y  y  yj 

»/»  9  4  *-  3 

X  *.  n.  ^  9 

X  it  4  6  m  4) 


•  boat 

•' 000 

3  ui  iL  ui  ui  ui 
u.  oJ*-M 
u  o  t>  t>  t>  t) 
•  00000 

»]•••• 

H  MX 


i 

X  X  X  X  X  Q  x 

OOOOO  10  OO  CO 

•  •III  \  •  M  I  I 


••400000 

p*  I  I  |  II 

l|j  Ul  l|l  !.  I  1.1 

J)  *  *4  4  it  or 

X  ru  ^  ^  (T  »r 

X  X>  OD  «0  X>  CD 


o  ui  iki  ui  ui  uj 
>  fg  F  4  4  7* 
<  cc  no  i*in 
cl  r»-  p  eg  cm  tn 

•  ;•••• 

N  OHOO 


00000  o  o  • 

4  &  I 

t/>  UJ  UJ  UJ  UJ  UJ  N  W  I 

a  O  4  /•  O  4  4  P  < 

m  —  «  —  o  m  o  • 

1*1  4  *  «  A  1“  < 

•  •  »  •  •  •  I 

<g  .x  «g  <g  <g  f*  < 


n  00000 

o  m 

/>  u  UJ  uj  UJ  UJ 

.  ui  a  it  u  6  -4  u' 

p  —04-0 

•  m  m  <*>  4  4  4 

p  ••[••• 

•  ig  ig  fi  rg  fg 

■  [ 

O  OOOOO 

o  «g  r 

VO  UJ  UJ  UJ  UJ  l*J 

uj  x  4  on  ifttn 

o  fg  n  ig  t/i  o 

9  <n  *  /1  #  ♦ 

■c  •  •’••• 

•  N  ft)M 


o  o  6  o  o 

IT  W  UJ  Ul  UJ  UJ 

a  ig  m  n  4  £ 

4  g  d  o  o 

n  4  fi  4  *r 

•  •]••• 
M  <g  #g  fg 


o  ob  oo 
3 

41  «*J  UJ  4J  uJ  UJ 

A  o  fg  —  —  — 
0  4  0  0  4 


?o  bo  o  o 
•  Till 

v  UJ  Am  J  w»J  UJ 

m  o  n  <7  <0  o 

iT  (g  f  o  nry 

a.  f*  p  rg  —  ig 

N-  f-  *  O  « 


O  O  D  O  O  O 

I  I  I  I  •  • 

\  UJ  kiUJuJUJ  O 
ig  od  K  o  p  —  > 

i/>  4  #<■  x  —  ig  4 

A  —  o  m  —  —  3 

•  '••••  A 
»*•  H  «  C  T  4 

L  * 

SOOOOO  iff 
•  •III  » 
x  UJ  M  UJ  UJ  UJ  4 
—  *•  4  *  9  4  O 
ft  3  4  *  •  O  — 
X(pn*N  u 
•  ■••••  </» 
M  |T  X  C  ®  X 

4- J 

3  3  0  0  0  9 

I  •  fill  *» 

V  Uj  Uj  <*>  W  UJ  —  1 

o  x  ^•ftMg  a 

J)  9  —  —  9  o 


%N  P 

OO  Ifl 

a  o  - 

©  - 


r»  4  «i  ji« 

X  o>  1*1  4 

•  .  •  .• 

• 

•  •  •  •  • 

M  % 

•g  fg 

Niitb 

1 

—  93 

0  0 

—  p  0  0  0 

O  O  > 

oe 

O  D  O  O  O 

« 

1  1 

UJ  UJ  <  J 

UJ  UJ 

N  UJ  uJ  UJ  UJ  UJ 

O  />  4 

—  « 

0  in  4  —  4i 

f*  —  O 

4  fg 

f  H  «  ♦  M 

«• 

4  — 

®  #*  f*  4  — 

•  •  • 

•  • 

4  —  u  fg  m 

4  —  —  fg  m 

•  • « 

1  • 

•  pill 

134 


Movable  Rake  Data 
Figure  19  Concluded 
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Figure  21.  Sample  Tabulated  Data  Format  -  Uniform/Nonuniform  Flow  Field,  VKF-A  Tunnel,  2DE  Inlet 
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Primary  Performance  Data,  Sheet  2 
Figure  21  Continued 
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Primary  Performance  Data,  Sheet  3 
Figure  21  Continued 
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J.  Movable  Rake  Data 
Figure  21  Concluded 
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Figure  22..  Sample  Tabulated  Data  Format  -  Flow  Field  Calibration 
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